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PEEFACE. 


This little work on Elenientaiy Physiology is cliiefly based or 
the notes of lectures given at various times— (cy) to evening 
classes ; {b) to extension students under the auspices of the 
Montgomeryshire County Council; (c) to students of elemen- 
tary Physiological Psychology. Great pains have been taken 
to make it both accurate and lucid, and emphasis has been 
laid on Practical Work, to which a special chapter is devoted. 
The necessary Chemistry has been introduced where most 
relevant, instead of being lumped into an introductory chaj)- 
ter. Mr. A. W. Warrington, M.Sc., has kindly revised this 
portion for me. 

The book is intended to meet the re(]uirements of— (1) 
elementary students, whether self-taught or following the 
subject in class; (i) students of General Biology who wish 
to suj)plenient that subject on the physiological side, as is 
often the case with those intending to go on to medical work; 
(3) students of Psychology who desire a simple account of 
the Nervous System and Sense Organs; (4) students of agri- 
culture and dairying. The last chapter, which deals with 
secretion of milk and digestion in the cow, has been inserted 
ill the hope that the last class of students may find it useful. 
Mr. J. Dawson Eoherts^ M.E.C.V.S., has been so good as to 
look over this chapter when it was in manuscript form. 

J. E. AINSWOKTH DAVIS. 


Aberystwyth, August U95. 
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ELEMENTARY PHYSIOLOGY. 


INTRODUCTION. 

The globe is inhabited by an innumerable host of 
living beings, which may broadly be divided into plants 
on the one hand and animals on the other. There is so 
much in common between these that they are together 
treated of by a single science, — Biology (Gk. bias, life; 
%/(As*, discourse), which, however, covers such an enormous 
extent of ground that it is found convenient to subdivide 
it into the sister sciences of Botany (Gk. butane, a plant) 
and Zoology (Gk. zodn, a living creature ; Idgds), dealing 
respectively with plants and animals. There are two 
chief ways in which a living being may be studied, one 
having regard to the external shape and internal arrange- 
ment (structure) of parts, and the other going into the 
uses (functions) of the different parts or organs. These 
two methods of study are respectively adopted in the 
departments of Morphology (Gk. mdrphe, shape; loffos) 
and Physiology (Gk. phusis, nature; logos). Botany 
eml)races Plant Morphology and Plant Physiology, 
while Zoology includes Animal Morphology and Animal 
Physiology. We are here chiefly concerned with the 
last subject, and indeed with a branch of that subject, 
Human Physiology, or the physiology of man. Jt 
is, however, obvious that some knowledge of JIuman 
Morphology is also necessary for our purpose. It is 
not possible to understand how a machine — say a 
watch — acts, without possessing some knowledge, of its 
construction, and before trying to understand the work- 
ing of the human body it is necessary to have some 
acquaintance with* its outward shape (External Morpho- 
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logy), internal structure or Anatomy (Gk. ana, up; temnO, 
I cut) as determined by ordinary dissection, and minute 
anatomy or Histology (Gk. histos, a texture; linjoii) as 
made out by means of the compound microscope. The 
relation between these various branches of enquiiy may 
be conveniently shown by means of the following table : — 


/Botany. . 


biologyJ 


Zoology.^ 


V 




Animal Morphology (of which Human 
Morphology is a small part) : — 
a. External Morphology; 
h. Anatomy ; 
c. Histology. 

Animal Phyaidogy (of which Human 
Physiology is a small part). 


Even a beginner in Physiology will also have to know 
soniething of n on-biological subjects, especially of ^le- 
chanics, Physics, and Chemistry. In this book the re- 
quisite knowledge of this kind will to some extent be 
introduced as occasion may arise. 

In the study of Physiology boolnvork alone is compar- 
atively useless, and practical ivork of the greatest im- 
portance. As regards Human Anatomy elementary 
students will mainly dejiend on examination of the 
skeleton, supplemented perhaps by models of some of 
the soft parts; but fortunately the main points can ]>e 
illustrated by dissection of a rabbit, cat, or dog — a 
sheep s pluck — and the eye of a sheep or ox. A small 
amount of microscopic work is also necessary for the 
beginner. For details see the Chapter on Practical 
Work. 


CHAPTER I. 

PRELIMINARY SKETCH. 

Symmetry of the Body. — ^Objects which possess a 
certain regularity in form, enabling then) to be divided 
into two corresponding halves in one or more different 
ways are said to be symmetrical. The most perfect kind 
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‘of symmetry is seen in the sphere, which can he divided 
into two corresponding hemispheres in any direction, 
while the less symmetrical culje is divisible into equiv- 
alent halves in only nine different ways. Plants and 
animals, or their parts, commonly exhibit either radial 
.or bilateral symmetry. The former is the kind of regu- 
lai’ity observable in a star, Avheel, or buttercup flower, 
where a numl>er of exactly similar parts are arranged 
round a central point in a radiating manner. Any or- 
dinary leaf, say one of ivy or violet, may be taken as an 
instance of a fiat body showing bilateral symmetry, 
where, as the name implies (L. two; latus^ lateris, 
side), there is only one possible way of dividing the object 
into tw^o corresponding halves. Note further that these 
halves are not interchangeable like the two hemispheres 
into which a sphere can be split. They are in fact right and 
left, or, in other words, are mirror images of each other ; 
for if the cut edge of one half be placed against a piece of 
looking-glass the reflection will look like the other half. 
The human body is also an example of lulateral symmetry, 
and this involves the possession not only of right and left 
sides but also of front or ventral (L. venter^ belly), and 
back or dorsal (L. dorsum^ back) surfaces, the two differ- 
ing in shape from one another. It is also characteristic 
of Man, in common with all other bilaterally symmetrical 
animals, that there should be a head end lodging the 
brain and certain important organs of sense. Some ani- 
mals, such, for example, as crayfish and lobster, are bi- 
laterally symmetrical (or nearly so) as regards their 
internal structure as w^eli as in external form, but in 
Man this is only the case to a limited extent. 

Regions of the Body. — There is an obvious dmsion 
into head, neck, trunk, and limbs or appendages? The 
head in Man, owing to the enormous size of his brain as 
compared with lower animals, is chiefly made up of the 
brain-case, which even forms the upper part of thf? face, 
the rest of which is constituted by the jaws, together 
with the parts related to the organs of sight and smell. 
At the sides of the head are the expansions kno^ in 
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ordinary language as ‘ ears scientifically as conchae 
(L. concha, shell), which largely surround orifices by 
which sounds enter to be conveyed to the essential 
organs of hearing, lodged deep down in the firm, bony 
side-walls of the brain-case and thus protected from 
injury. 

It is obviously an advantage that the head, containing 
as it does important organs of sense bringing us into 
relation with the external world, should l)e ])oine upon 
a flexible, relatively narrow neck. This permits the eyes 
in particular to range very quickly over surrounding 
objects in nearly all directions without necessitating 
movement of the comparatively unwieldy trunk. A 
large expenditure of energy is thus saved and a change 
in the surroundings rapidly perceived, a matter of great 
importance even to civilized human beings, and to savages 
in many cases a matter of life or death. 

The trunk, which lodges important organs concerned 
with nourishing the body and getting rid of its waste 
products, is divided into the chest, or thorax, above, 
and the abdomen below. The walls of the former are 
supported by bones in front and at the sides as well as 
behind, while the abdominal walls are soft and not so 
supported except behind. 

Although there are considerable differences between 
the upper and lower limbs, owing to the fact that they 
are put to such different uses, there are nevertheless im- 
portant agreements between them. They are, in fact, 
built upon a common plan of structure, and hence receive 
the common name of limb, appendage, or extremity, just 
as the term house is applied to cottage, villa, mansion, 
or any other dwelling. Upper and lower limb alike are 
trans’Viersely divided into certain regions, and end in five 
digits provided with fiat nails. Thus shoulder, upper 
arm, foreaitn, wrist, and hand correspond to hip, thigh, 
leg, ankle, and foot. Shoulder and hip, although com- 
monly reckoned as part of the trunk, bejong more pro- 
perly to the limbs, being in fact limb-regions, which are 
firmlj fixed to the trunk and afford attachment to the free 
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or movable parts of the limbs. Examination of a sheep’s 
carcass, as displayed in a butcher’s shop, or of a skinned 
rabbit, will show that this is true as regards the shoulder, 
but it is by no means obvious in the case of the hip-region, 
which has fused very closely with the trunk. 

Differences between Upper and Lower 
Limbs. — Most of these can be considered with greater 
profit when the corresponding bones are studied, but a 
few points may be mentioned here. The upper limbs 
are especially adapted for grasping objects situated in 
very various directions, and in correspondence with 
this the shoulder-joint allows of very free movement, 
the forearm can be twisted round so as to bring the 
palm into several positions, the fingers are long and 
flexible, and the relatively short thumb can be oj^posed 
to the other digits, i.e. its tip can be brought against 
theirs. The lower limbs on the other hand have to 
support the weight of the body and bring about various 
kinds of locomotion. The hip- joints do not therefore 
allow of such free movement as do the shoulder- joints, 
the leg cannot be twisted round like the forearm, the 
toes are shorter and less flexible than the fingers, while 
the relatively long and large great toe cannot be opposed 
to the other toes. To this may be added the fact that 
the thigh and leg are much longer than the correspond- 
ing parts of the upper limb, and the heel, which is of 
great importance in the support of the body, has nothing 
in the hand corresponding to it. 

The Trunk a Double Tube. — Both upper and 
lower limbs are solid, but the trunk is hollow, contain- 
ing two cavities, one anterior or ventral and the other 
posterior or dorsal. In these cavities various internal 
organs are enclosed. The trunk may, therefore^ be de- 
scribed as a double tube, and this arrangement can easily 
be made out by looking at the cut side of one of the 
longitudinal, halves into which a butcher commonly 
divides the bgdy of a sheep or pig. The dorsal cavity, 
which extends into the neck and head, contains the brain 
and spinal marrow, or spinal cord, and is almost entirely 
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Fig. 1.— Neuml Tube with its con- 
tained Organs. 

ABC. Braih ; deed, spinal cord ; 
o u 1 , backbone. 


bounded by bone, so that 
these delicate organs may lie 
well protected. Fig. 1 shows 
this cavity and the organs 
which fill it, as seen in Alan. 
In the neck and trunk it 
traverses the spine or verte- 
bral column, and is compara- 
tively small in correspondence 
with the size of the spinal 
cord which it contains. In 
the head, however, this cavity 
is very much larger, as it has 
to hold the brain. The ven- 
tral or body cavity is limited 
to the trunk, and is of rela- 
tively large size, as shown in 
fig. 2. It is not so well pro- 
tected by bone as the dorsal 
cavity. On reference to the 
figure it will also be seen that 
the ventral cavity is divided 
into a smaller upper or 
thoracic part (a), and a 
larger lower or abdominal 
part (c), by means of a curved 
partition (b), the ‘midriff’ or 
diaphragm (Gk. dia, across; 
phragmda, a partition). When 
at rest this is convex above 
and concave below. It is 
pierced by various structures 
running from thorax to ab- 
domen or the reverse. The 
head contains ventral cavities 
belonging to the nose, mouth, 
and throat (fig^ 34), but these 
are not of ;the same nature as 
the body cavity. 
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General Sketch of the Functions and Organs 
of the Body. — The regions and general plan of the 
body have already been discussed from a morphological 
point of view, and it now remains to classify the various 
parts on a physiological basis, having regard, that is, to 
their uses or functions. 

In any kind of manufac- 
ture it is well known that 
the liest results are obtained 
Ijy dividing the work into 
different stages, undertaken ^ 
by distinct sets of work- 
people who, as a result, be- 
come very expert at their 
particular duties. This prin- 
ciple of division of labour, 
as it is called, is carried out 
very perfectly in the human 
body, where we find special 
parts or organs, each of 
which performs one or more 
functions. These organs, 
eye, lung, brain, stomach, 
ilx., are more or less 
difterent from one another, 
since their shape and struc- 
ture are such as to fit them ; 
for very different tasks, j 
The body has gradually be- 
come thus differentiated, ie, 
made up of differing parts, 

as a result of well-marked division of physiological 
labour. The various organs may conveniently be grcfuped 
under the following headings : — 

1. Protection and Support. — The body is sup- 
ported by bones and other hard parts together forrfting 
the skeleton. This also protects the more delicate organs 
from injury, as, fo» example, in the case of the brain 
and spinal cord (p. 12). 




14 


ELEMENTARY PHYSIOLOGY. 


The skin is also an important protective organ, in vir- 
tue of its outer layer or epidermis (Gk. upon ; d^rma, 
skin), which is non-sensitive and devoid of blood-vessels. 
The hair and nails are special outgrowths from this layer. 
There is a great difference between the epidermis and 
the deeper part of the skin constituting the dermis, 
which is both sensitive and richly provided with lilood- 
vessels. When the finger is cut with a knife -no pain is 
felt nor blood drawn till the dermis is reached. 

2. Movement. — The chief agents in producing the 
various movements of the body and its parts are the 
muscles, which in ordinary language are known as the 
‘flesh’, or in dead animals as ‘meat’. They are also the 
means by which the body is kept in the erect and other 
positions involving effort. A given muscle consists of a 
definite piece of fleshy substance which is able to con- 
tract, that is, to become shorter and at the same time 
broader. Its two ends and the parts to which they are 
attached will thus be brought nearer together. It 
must clearly be understood that this property of contrac- 
tility is not the same thing as contraction in the ordinary 
sense of diminution in volume. 

3. Digestion. — Energy is defined as the power of 
doing work, and a distinction is drawn between ‘ stored ’ 
or potential energy and ‘actual’ or kinetic energy. 
The various activities of the body necessitate a large 
expenditure of kinetic energy, and this involves a con- 
stant Ijreaking down of body substance. A rough idea 
of the process may be gained by considering w’^hat takes 
place when nitro-glycerine explodes. The substance in 
question is of very complicated chemical nature, and its 
explosion means — (1) the re-arrangement of its con- 
stitue^its to form simpler substances; (2) the conversion 
of potential into kinetic energy, resulting in the perform- 
ance of a certain amount of work. Similarly when a 
muscle contracts it does work, and at the same time a 
small part of it wastes, i.e. breaks down into simpler sub- 
stances, with conversion of potential into kinetic energy. 
If this waste were not made up for, the muscle would 
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gradually get smaller and smaller with use, which, how- 
ever, is not the case. Food is material taken into the 
body for the purpose of compensating waste and render- 
ing growth possible where desirable. Digestion, is the 
process by which this food is brought into a fit condition 
to be })uilt up into living substance, and the digestive 
organs undertake this special work. They consist of a 
long tube, the alimentary canal, and of certain organs 
which open into it. This tube begins with the moiitli- 
cavitfj, which is continued into a small chamber {j)harynx) 
at the back of the throat, followed again by a tubular 
guU^et, dilated stomachy and long convoluted intestines, or 
bowels, Ijeginning with a relatively narrow small intestine 
and ending with a much broader large intestine. As may 
be seen from fig. 3, 'the abdominal cavity is largely 
occu])ied by the stomach and intestines together vuth 
the large liver, which is one of the important organs 
opening into the digestive tube. 

4. Circulation. — Digestion would be a useless process 
if there were not some means of conveying the digested 
food throughout the body. This is one of the functions 
of the circulatory organs, which principally consist of 
the heart and blood-vessels. The former acts as a force- 
pump by means of which the blooi, containing the 
products of digestion, is made to move through the 
blood-tubes or blood-vessels. In fig. 3 the heart is shown 
in its natural position in the middle of the thorax, and 
at its upper end are seen parts of the great blood-vessels 
which begin or end in it. 

Besides carrying material for effecting renewal or 
growth to the different parts of the body, the circulatory 
organs remove the products of waste and take them to 
oigans which get rid of them (lungs, skin, kidneys). 
Besides this, as will presently appear, the organs of cir- 
culation promote waste and equalize the temperature of 
the body. 

5. Respiration. — This process, commonly termed 
breathing, involves., the passage of air into and out of 
the lungs, two large spongy bodies which largely fill up 
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the thorax (hg 3, bb), and communicate with the 
exterior by the tube kno^\n as the windpipe or trachea, 
which can readily be felt along the front of the throat, 
just within the skin. The purpose of breathing is two- 



Pig 3 —Chief Organs of Thorax 


A, Heart; bb, lun4,8 c, tiiiphiigm , » Iner, e, gall- 
bladder, F, stomach, Q, small intestine, n, part of 
large intestine 


fold. (1) to ex- 
crete or get lid 
of certain waste 
products result- 
ing from the con- 
stant wasting of 
living substdiuo, 
(2) to absorb into 
the blood from 
the air oxygen 
gas, which eiiabl 
the necessaiy 
energy- producing 
and heat-produc 
mg processes oi 
Uciste to go on. 

6. Excretion 
(L. ex^ out of; 
ienio^ I separate) 
or elimination of 
waste from the 
system is a func- 
tion of lungs, 
skin, and also oi 
the kidneys, two 
flattened al 


bodies lying at 


the back of the abdominal cavity (fig. 71), and communi- 
cating by two narrow tubes, the ureters, with a somewhat 
pear-shaped bag or sac situated at the lower end of the 
abdominal cavity and known as the urinary bladdex. 


7.‘ Correlation and Sensation. — In order that 


the organs of the body may work properly together, it 
is necessary that there should be .some apparatus for 
bringing them into relation with one another. The 
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nervous system is a correlating apparatus of this kind. 
It consists of central organs connected by slender cords, 
the nerves, with all parts of the body. The central 
organs consist of brain, spinal cord, and two slender 
sympathetic cords lying just at the sides of the back- 
bone. The brain must be regarded as the master organ 
of the body. It is the seat of intelligence and will, and 
not only brings the various organs into relation with 
one another, but also, by means of its instruments, the 
sense organs, brings the body, so to speak, into touch 
with the external world. The sense organs include the 
structures which have to do with touch, taste, smell, 
hearing, and sight. 


CHAPTER n. 

SKELETON AND MUSCLES. 

The Materials which make up the Skeleton. 

— The organs which compose the body can again be 
analysed into a comparatively small number of materials, 
just as the different parts of a house are built up of 
stone, mortar, wood, &c. These body materials are 
called tissues, and three of these tissues — bone, gristle 
or cartilage, and connective tissue — together build up 
the skeleton. A rabbit’s leg may be taken in illustra- 
tion. After removing the skin and muscle the bones 
will be reached, connected together at the joints by 
strong tough bands, the ligaments {L. ligo^ I bind), 
made up of a kind of connective tissue. This tissue is 
called “connective” because it connects or binfls the 
various organs and parts of organs together. Each bone 
is also covered, except where it helps to bound a joint, 
by a tough membrane, the periosteum (Gk. arpiind ; 
dsk6n^ bone), made up of connective tissue and very 
vascular, i.e. richly supplied with blood-vessels. Select 
the femur (thigh-bone) for further examination. After 
fMoeV B, 
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dissecting it out, each end will be found covered by a 
thin smooth layer of firm bluish- white gristle or carti- 
lage (L. cartilago^ gristle), easily cut with a knife. On 
dividing the bone into two longitudinal halves it will be 
seen that the central part or shaft contains a large cavity 
bounded at the sides by very dense bone, and containing 
a soft fatty substance, the marrow, of a reddish colour. 
The swollen ends of the femur are made up of spongy 
bone, the minute interstices of which are filled up with 
marrow. It will also be noted that the cartilage cover- 
ing each end of the bone is comparatively thick in the 
middle, gradually getting thinner, and being finally re- 
placed by the periosteum. Marrow consists of a frame- 
work of connective tissue, and its red colour is due to 
the presence of minute blood-vessels, which have direct 
communication with those in the periosteum by means 
of a minute hole, the nutritive foramen (L./(f?ro, I pierce), 
which pierces the middle of the shaft. There is also 
indirect connection, for the compact bone forming the 
wall of the shaft is traversed by minute canals (Haver- 
sian canals) running mainly in a longitudinal direction, 
and containing minute blood-vessels, which communicate 
by cross branches with the vessels of the periosteum on 
the one hand and those of the marrow on the other. 
The Haversian canals are large enough to be seen with a 
lens if the bone is broken across, and in the fresh state 
some of the cross branches can also be made out. It 
will thus be seen that a bone is not a mere mass of hard 
dead substance supporting the surrounding soft parts, 
but is pierced by an elaborate network of blood-vessels, 
from the blood contained in which the materials neces- 
sary for growth or repair of injury can be drawn. 

General Composition of Bone. — If a rabbit’s 
thigh-bone is soaked for a few days in dilute hydro- 
chloric acid (muriatic acid) it will be found to have 
undergone a remarkable change in nature, whilst retain- 
ing the same shape. Instead of being hard and firm, it 
is now soft and flexible, capable of bein^ tied up into a 
knot without breaking. TTie acid has, in fact, removed 
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the earthy or mineral matter, which gives the bone its 
hardness, leaving behind the animal matter, which makes 
it tough and to some extent elastic. This animal matter, 
which is closely allied to connective tissue, can be re- 
moved from a bone by prolonged boiling, as in making 
soup, or by heating in the fire. It is now the mineral 
matter which is left, and while, as before, the bone re- 
tains its shape, it will have become extremely brittle. 

In healthy human bone the mineral matter constitutes 
about two-thirds the weight, but it is generally held that 
there is a smaller proportion in children and a larger in 
old people, accounting for the fact that the bones in the 
one case are comparatively flexible, and in the latter 
more brittle and liable to break. 

Physical Properties of Bone. — Its hardness, 
toughness, and elasticity have already been noted, but 
these are not merely due to its composition, but also to 
the way in w^hich its parts are arranged. Thus, the 
elasticity of the long bones is verj^ much increased by 
their curved shape, wdiile in the shaft of such a bone as 
the femur lightness and strength are combined on the 
principle of the hollow column, wdth the least possible 
expenditure of material. Spongy bone illustrates the 
same kind of thing. Its structure necessarily makes it 
light, and the slender bars of bone which compose it are 
not arranged at random, but so as to resist to the best 
advantage the pressures which have to be borne. A 
cubic inch of spongy bone, weighing only 54 grains, cut 
from the lower end of a human femur, w^as found, in an 
experiment made for the purpose, to stand a weight of 
4 cwt. without being injured. This kind of bone also 
plays an important part in breaking shocks. It may be 
added that compact bone is reckoned to be tmce as 
strong as oak. 

Properties of Cartilage. — Cartilage or gristle is 
closely allied to connective tissue. It is tough, but at 
the same time^ extremely elastic, and these properties 
render it very usefpl in joints, as will presently be shown. 
Like spongy bone it helps to prevent jolting, as, for ex- 
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ample, in the backbone. Except when entering into 
joints, cartilage is covered by a vascular membrane, 
called in this case the perichondrium (Gk. pen, ai*ound ; 
chdndrds, cartilage). 


GENERAL PLAN OF THE SKELETON. 


The numerous bones which make up the skeleton may 
roughly be divided into three kinds — (1) long bones, 
such as the femur, which are used as levers ; (2) broad 
flat bones, like those of the brain case, which protect 
delicate organs ; and (3) short irregpilar bones, found in 
parts like the wrist and ankle, where both strength and 
capability for a limited amount of movement are requisite. 

Axial and Appendicular Skeleton. — The bones 
of the head, neck, and trunk constitute the skeleton of 
the body, as distinguished from the limbs or appendages. 
They comprise the skull, backbone or vertebral column, 
ribs, and breast-bone or sternum. The last two support 
the top, sides, and front of the thorax, as will appear on 
reference to fig. 4. The bones of the limbs make up the 
appendicular skeleton, and just as the upper and lower 
limbs can be divided into corresponding regions (p. 10), 
so can their bones be grouped in a similar manner. In 
either case there are (1) bones constituting a girdle by 
which the limb is fixed to the trunk, and (2) bones sup- 
porting the fleshy movable part of the limb. The follow- 
ing table gives a more detailed comparison. (Cp. fig. 4.) 


Upper Limb. 

I. Shoulder Girdle. — A large 
fiat shoulder-blade (.scapula) be- 
hind and a rod-like coUar-bone 
(clavicle) in front, 

II. Free Limb. 

1. Upper-arm bone (humerus). 

2. Forearm bones — (a) radius 
on thumb side, (i) ulna on little 
finger side. 


Lower Limb. 

II. Hip Girdle. — A large, flat, 
irregular hip-bone (os iiinomi- 
natum), 

11. Free Limb. 

1. Thigh-bone (femur). 

2. Lower leg bones— [a] tibia 
on great toe side, (6) fibula on 
little toe side. 


[There is nothing in the upper limb to represent the small knee- 
pan (patella) on the front of the knee-joint.] 
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Upper Limb. 

3. Short irregular wrist-bones 
(carpal bones). 

4. Bones of hand — («) meta- 
carpal bones supporting undi- 
vided part of hand, {h) finger- 
bones (phalanges). 


Lower Limb. 

3. Short irregular ankle-bones 
(tarsal bones). 

4. Bones of foot — (a) meta- 
tarsal bones supporting undi- 
vided part of foot, (b) toe-bones 
(phalanges). 


SKULL. 

General Construction. — The greater part of the 
shull consists of a rounded bony box, the brain-case or 
cranium (Gk. cranion, skull), in which the brain is lodged. 
Its dome-like roof, which is practically all that can be 
seen in a top view of the skull, is adapted to resist very 
considerable pressure. An egg-shell is difficult to crush 
for a similar reason. In a front view of a skull it is the 
cranium which constitutes the forehead and roofs the 
eye-sockets (orbits), while the cranium also makes up 
the back of the skull. A view of the base of the skull 
(fig. 6) shows the floor of the cranium pierced by a large 
roundish hole, the foramen magnum (L*. for large hole), 
through which the spinal cord is continued into the brain. 

The rest of the skull is known as the facial portion. 
It completes the orbits, walls the cavities of the nose, 
and includes the framework of the jaws and roof of the 
mouth. 

Bones of the Cranium. — A large frontal (L. frons^ 
frontis, front) bone (fig. 5) roofs the orbits and the nasal 
cavities in part, makes up the forehead, and constitutes 
the front of the cranial roof and side- walls. Just behind 
it come two arched parietal (L. paries^ wall) bones, 
which complete the roof, continue the side-walls, and 
form part of the back of the brain-case. The transverse 
join behind the frontal is known as a suture (L. suiurus. 
seam), this name being given because there are two 
jagged interlocking edges, looking something like an 
irregular row of stitches. Such an union is extremely 
firm, and its strength is increased 1^ the fact that the 
edges are bevelled. The two parietals are connected to- 
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gether by a longitudinal suture of similar kind. Behind 
the parietals and united with them by a transverse suture 
is situated the large occipital (L. oh, against ; aiput, head) 
bone, which makes up the back of the cranium and also 
the hinder part of its floor (figs. 5 and 6). Below it is 
perforated by the foramen magnum, and on each side of 
this there is a smooth oval projection or occipital condyle 



F, Frontal; P, parietal; Oc, occipital; 

T, temporal; 8, sphenoid; O, orbit; 

U. Mx., upper maxillary; M, malar; 
N, nasal; L. Mx., lower maxillary. 


F. M. Foramen magnum ; aU occipital 
condyle; sp/i, sphenoid; w, vomer; 
p, palate bone; palatine plate 
of maxilla; zy, zygomatic arch. 


(Gk. cd7idulds, knuckle-like knob), which fits into a cor- 
responding pit on the top joint of the backbone. The 
side-wall of the cranium below the parietal is mainly 
formed by a moderately large temporal (L. tempora, 
temples) bone, so called because of its relation to the 
region above the ear known as the ‘ temple This bone 
is divided into three distinct regions: — (a) a squamous 
part above, uniting by suture with the parietal* and 
overlapping this bone in a scale-like way, hence its name 
(L. sqmuta, fish-scale); (b) a mastoid part (Gk. mastos, 
breast) behind, constituting the small rounded projection 
which can easily be felt just behind the ear; (c) an ex- 
ceedingly dense petrous (Gk. pMrds, stone) part below, 
which encloses the essential parts of the organs of hear- 
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ing, and projects somewhat into the cranial cavity. A 
bony bar, the zygoma (Grk. zugoma, bar), projects for- 
wards from the squamous portion, and makes up the 
hinder part of the zygomatic arch (fig. 6), which mns 
back from the orbit. On the under side of the zygoma, 
just at its root, there is a transverse hollow into which 
the lower jaw is jointed. Behind this glenoid cavity 
(Gk. glene, socket; eklos, resemblance) will be noticed, in 
the petrous portion, a rounded hole with jagged edges. 
This is the external opening of the ear. 

The floor of the cranium, in front of the occipital, is 
made up by two very irregular bones, the sphenoid and 
ethmoid. The sphenoid (Gk. sphen^ a wedge) recei\ es its 
name because it is wedged in between the other bones 
of the skull. It consists of an irregular central jDait 
which unites with the occipital behind, and two wing-like 
projections on each side, of which the smaller front one 
is called the ‘ lesser wing ’, and the larger back one the 
‘greater wing^ Besides this there is a double plate 
projecting downward on each side, and acting as a but- 
tress to support the hinder part of the palate and upper 
jaw. The greater wings help not only to floor the 
cranium, but also to make up its side-walls (fig. 5, s) and 
to bound the orbit. The lesser wings also help to floor 
the cranium and roof in the back of the orbit. 

The ethmoid bone (Gk. ^thmds, sieve; eidks, resem- 
blance), which will be more fully considered in connec- 
tion with the sense of smell, is much smaller than the 
sphenoid, and consists of three parts: — (1) a horizontal 
cribriform plate (L. cribrtmy sieve ; forma, resemblance), 
perforated by numerous small holes and completing the 
cranial floor in front of the sphenoid; (2) a vertical plate 
of bone between the upper parts of the right and left 
cavities of the nose ; (3) an irregular spongy lateral mass 
on each side of this, divided into scroH-like supmor and 
middle spongy or turbinated bones (fig. 84). 

Structure of the Cranial Bones.— If these bones 
were of uniform texture throughout a comparatively 
slight blow on the head would dangerously jar the brain. 
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As it is, however, they consist of three layers or ‘ tables', 
(a) an outer layer of dense bone, (b) a layer of spongy 
bone, the diploe (Gk, diploi^ doubling), by which shocks 
are broken (cp. p. 19), and (c) a thin inner layer of dense 
bone. 

Bones of the Face. — The most important of these 
are the two tipper maxillary (L. maxilla, jaw-bone) or 
upper jaw-bones. They present below a crescentic mar- 
gin, containing the sockets in which the upper teeth are 
lodged, and the greater part of the hard palate (fig. 6, 
sp) is formed by two shelf-like outgrowths from them, 
which meet one another in the middle line. The upper 
maxillary bones also assist in bounding the orbits and 
wall in the nasal cavities outside and below. The lower 
and outer walls and margins of each orbit are completed 
by a thick, strong malar (L. mala, cheek) or cheek-bone, 
which unites behind with the zygoma to complete the 
zygomatic arch. Another and very small bone, the 
lachrymal (L. lacJiri/ma, tear), makes up a small part of 
the inner wall of the orbit, just within the margin. It 
is grooved so as to allow of the passage of a little tube, 
the lachrymal duct, which conducts tears into the nose. 

Several small bones connected with the nasal cavities 
have to be mentioned. Two curved nasal bones help to 
roof them in, and a vertical plate of bone, named from 
its shape in side view, the vomer (L. vomer, ploughshare), 
stretches from the under side of the sphenoid and vertical 
ethmoid plate to the upper side of the bony palate. The 
sharp end of the vomer is directed forwards, and it 
largely makes up the bony part of the partition between 
right and left nasal cavities. An elongated inferior 
(L. inferus, below) spongy bone projects into each of 
these cavities from its outer wall, J)elow the lateral 
mass of the ethmoid. Lastly, there is an irregular palate 
bone on each side, consisting of a vertical plate, which 
forms part of the outer wall of the corresponding naasal 
cavity, and a horizontal shelf, which makes up, with its 
fellow, the posterior part of the bony palate (fig. 6). 

The large and strong lower maxillary bdne or Ipwer 



2(5 


ELEMENTARY PHYSIOLOGY. 


jaw consists of a horseshoe-shaped part in which the lower 
teeth are embedded, and of a nearly vertical ramus (L. 
for branch) at each end of this. In side view, th-erefore, 
the lower jaw is somewhat l shaped (fig. 5.) At the 
top of each ramus there is a smooth, elongated condyle, 
which fits into the corresponding glenoid fossa. A large 
coronoid process (L. corona^ crown ; Gk. eiclos^ resemblance) 
projects from the front of the ramus. In a dog or cat 
the lower jaw can only move up and down like a hinge, 
the condyle on each side being transverse and forming 
a hinge-joint with its glenoid cavity. But in man the 
condyles are placed obliquely so that the lower jaw can 
be moved from side to side, or forwards and backwards, 
as well as up and down. This enables the food to be 
very thoroughly chewed. 

Number of Bones in the Skull. — There are 8 
bones in the cranium (not including the minute ear- 
bones), i,e. 4 unpaired — frontal, occipital, sphenoid, 
ethmoid; and 2 paired — parietal and temporal. The 
bones of the face are 14 in number, i.e. 2 unpaired — 
vomer, inferior maxillary ; and 6 paired — superior maxil- 
lary, malar, lachrymal, nasal, inferior spongy bone, and 
palate bone. 

Hyoid Bone. — In connection with the skull it is 
convenient to deal with the bone which receives its name 
from its resemblance to the Greek u (Gk. v, u; eidos). 
It is situated at the root of the tongue with the legs of 
the V directed backwards and upwards, and its cuiwed 
front part (‘body ’) can be felt below the jaw just above 
the projection known as ‘Adam’s apple’, which is part 
of the organ of voice or larynx (Gk. laru(n)(jXy throat). 

^BACKBONE, SPINE, OR VERTEBRAL COLUMN. 

General Structure. — The backbone (figs. 1 and 
7) is a hollow curved rod made up of a number of 
bones placed one on top of the other and locked to- 
gether in such a way as to combine strength with a 
certain amount of flexibility. Its curved shape makes 
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it very much stronger than it would be if straight, and 


also converts it into a 
spring by which shocks 
are broken instead of 
being transmitted up- 
wards to the brain. It 
should also be noticed 
that the backbone broad- 
ens out below, which 
enables it more easily to 
bear the weight of the 
body. 

Vertebrae. — This 
name (from L. verto, I 
turn) is given to the 
pieces which make up 
the backbone because 
they allow of a certain 
amount of twisting move- 
ment, especially in the 
neck and loins. 33 ver- 
tebrae can be recognized 
^ in all, {a) 7 cervical (L. 
‘ cervix^ neck) or neck ver- 
tebrae; {h) 12 rib-bearing, 
thoracic, or chest verte- 
brae; (c) 5 lumbar (L. 
lumhus, loin)^ or loin ver- 
tebrae ; (d) 5 sacral ver- 
tebrae, closely fused to- 
gether into a broad bone, 
the sacrum (L. os sacrum^ 
sacred bone, from sup- 
posed occult properties), 
and {e) 4 small coccygeal 
or tail vertebrae fused 
into a little curyed bone. 



The first seven 
Vertebrae he- 
loDK to the 
neck, and are 
called Cervi- 
calVertebrae. 


The next 

twelve Verte- 
brae are 
known as the 
Thoracic Ver- 
tebrae. 

[Twelve ribs 
are joined. to 
these on each 
side.] 


The remaininfr 
five sepanite 
Vertebrae are 
called Lum- 
bar or Loin 
Vertebrae. 


Fig. 7.— The Vertebral Column. 


the coccyx (Gk. foY cuckoo), so named from a fanciful 
resemblance to a cuckooes b^k. 
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Parts of a Vertebra. — One of the thoracic may 
conveniently be taken as an example (fig. 8). It is a ring 
of bone, the cavity of which (h) forms part of the spinal 
canal. The front of the ring is very much thickened 
both from front to back and from top to bottom (a) 
into the body or centrum of the vertebra. The bodies of 
successive vertebrae are placed on top of one another like 
a pile of pill-boxes filled with sponge (to represent the 
internal spongy bone). Their surfaces are not, however, 
in contact but are separated by pads of cartilage, which 
allow of a limited amount of move- 
f ment and also act like ‘ buffers ’ in 
^ preventing jolts. These pads are 
f known, from their position, as in- 
tervertebral discs (L. be- 

The posterior part of the verte- 

^ y ^ bral ring, the neural arch (fig. 8, h c 
xL— / c), bounds part of the sides and 

Fig. 8.-A Thoracic Vertebra, back of the spiiial canal. Fi'om it a 

number of projections or processes 
arise. Some of these, the articular processes (g) lock 
the arch with its neighbours — others, the transverse 
processes (e), at the sides, and the neural spine (d) at 
the back, increase the surface to which muscles can be 
attached, and are firmly united by ligaments (cp. p. 17) 
Holes, the invertebral foramina, through which the spinal 
nerves run, are left between successive arches. 

Differences between Vertebrae. — ^The description 
just given will apply in the main to the lumbar vertebrae 
and the last five of the cervical. The two first cervical 


vertebrae are, howevei", modified in such a manner as to 
let the head move very freely on the neck. The upper 
of these two vertebrae is called the atlas (fig. ff), a name 
fancifully given because it supports the rounded skull 
as the giant Atlas was supposed by the ancients to 
support the globe. The skull, in fact, is Jbalanced on the 
top of the atlas with so near an approach to accuracy 
that very little effort is necessary to keep it held up. 
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The balance is not, however, quite accurate. There are 
two smooth cups which receive the occipital condyles 
(p. 23), and form with them a hinge-joint which allows 
nodding movements to be freely executed. The atlas is 
more like a ring than any of the other vertebrae. By 
means of a transverse 
ligament the cavity of 
the ring is divided into 
a large back part (spinal) 
and a small front part 
through which a bony 
peg passes. This peg, 
the odontoid process 
{Gk.Mom^dMntoSy tooth; 
eidds^ resemblance) pro- 
jects from the body of 
the second or axis vertebra, so named because it consti- 
tutes a pivot or axis on which the skull with the atlas 
can turn from side to side. The peg is firmly held in 
place by ligaments, some of which, the ‘check’ liga- 
ments, run from it to the occipital bone. There are 
smooth surfaces upon it 
which play against corre- 
sponding ones on the atlas, 
making the movements easy. 

The odontoid peg is really 
a part of the atlas which 
has fused with the body of 
the axis. This is proved 
by the w^ay it develops and 
by comparison with certain 
other animals. It is also 
worth noting that the atlas has scarcely any neural spine, 
as this would interfere with backward movements of the 
head, while its transverse processes are very large for 
the attachment of muscles which help to move the head. 
For the same reason as the last the spine of the axis is 
specially larga’ Tljis is also the case vdth the spine 
of the seventh cervical vertebra, from which an elastic 



Fig. 10.— Axis Vertebra. Od, Odontoid 



Fig. 9.— Top View of Atlas Vertebra. 


a, b, The two smooth hollows on which the skull 
rests; c, the hollow or groove in which the 
odontoid peg of the axis fits. 
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ligament (ligamentum nuchae = L. for neck ligament) 
runs to the skull and assists in keeping the head erect. 

This ligament is immensely developed in such animals 
as the ox, where the work of keeping the head horizontal 
by muscular eflbrt alone would be too exacting. It is 
called by butchers the ‘‘pax wax”. 

RIBS AND STERNUM. 

Together with the thoracic vertebrae these constitute 
a bony cage by which the walls of the thorax are sup- 
ported and protection given to the important organs 
contained in this region (figs. 4 and 11). 

Breastbone or Sternum (Gk. stermn, breast). — 
This is a flat ]>one running down the middle of the 
thoracic wall (fig. 11). Its U 2 )per end (o) is broadened 
out to support the collar-bones, and a piece of cartilage 
(q) is attached to its lower end. 

Ribs (fig. 11). — These are 12 pairs of long curved 
bones, with sharp edges above and below, and flat sur- 
faces externally and internally. Each rib is jointed on 
to the backbone behind and has a costal cartilage (c) 
attached to it in front. The curved form of the ribs 
gives them great strength and elasticity, thus enabling 
the chest to withstand without injury very hard blows 
or considerable pressure. The first seven pairs of ribs 
(1-7) are termed ‘true', because their cartilages are 
united directly to the sternum. These ribs increase in 
length from first to seventh, so as to increase the volume 
of the thorax. As a consequence of this the sternum, 
as seen in side view, is directed not only downwards 
but also somewhat outwards. The last five pairs of 
ribs, ^ known as ‘false', because their cartilages do not 
unite directly with the sternum (see fig. 11), decrease in 
length from above downwards. The last two pairs (/, /) 
are ‘termed ‘floating' ribs because their front ends are 
only supported by muscle. The cartilages of the first 
three pairs of false ribs are connected with those of the 
last pair of true ribs (see fig. 11). 



RIBS AND ST3BRNUM. 


31 


Movements of Wall of Thorax during Breath- 
ing. — It is not enough that the walls of the thorax 
should be firm and strong, they must also be able to 
move so as to alter its volume, as otherwise the passage 
of air into and out of the lungs which occurs in breatli- 
ing would be impossible. 

The ribs and sternum can 
be moved in such a way 
that the size of the chest 
from side to side and front 
to back alternately in- 
creases and diminishes. 

It must be remembered 
that, in a state of rest 
(fig. 11), the ribs slant 
downwards and forwards 
from back to front. They 
are hinged upon the back- 
bone, which is relatively 
fixed. It is clear that if 
the ribs with the sternum 
are swung upwards upon 
these hinges the size of 
the chest must be increased 
from back to front. This 
actually occurs during 
inspiration (L. in, in; 
spiro, I breathe) or breath- 
ing in of air, as may be 
seen by watching another 
person’s chest or placing 
a hand upon one’s own 
chest. During this upward 
movement the chest also increases in volume from side 
to side, as may be realized by placing a thumb on each 
side of the chest and taking a deep breath, when the 
thumbs will be forced outwards. This results from the 
fact that during inspiration each rib rotates upwards 
on an axis corresponding to the line joining its ends. 



Fig. 11.— The Thorax. 

The upper vertebrae enclosed in brackets are 
cervical, the lower lumbar. p\ Clavicle j 
«<, scapula; glenoid cavity; s", acro- 
mion. Other letters explained in text. 
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When air is expired (L. ex^ out; spiro^ I breathe) or 
breathed out, movements take place which are the oppo- 
site of those just described. 

Intercostal Muscles (L. inter^ between, costa, rib). 
— The spaces between the ribs are filled up by oblique 
muscle fibres to which this name has been applied. 
There are two layers of these muscles, an outer, the 



Fig. 12.— Model to illustrate Respi- 
ratory Moremeuts of Chest, arranged 
to deiuoustrate action of External 
Intercostalfi. 

AB, Relatively fixed har representing 
backbone ; k f, o H, laths representing 
ribs, and pivoted at e, f, o, u ; c d, 
movable rod representing sternum ; 
1 1 is an elastic band on the stretch) 
representing external iutercostals. 
The band in shortening pulls the mov- 
able rod up into poaition indicated 
by dots, a weight w’ being adjusted to 
prevent too great elevation. To de- 
monstrate action of internal inter- 
costals 1 1 is removed, the rods are 
placed in dotted position, and kept 
there by a second weight at end of 
a thread passing from the hook Hk 
over the pulley p. A second elastic 
band, shorter than the distance 4' 2', 
is then attached to pegs at the points 
2', 2'. By its shortening the movable 
rod is pulled down, Note that I'l' is 
shorter than 1 1, and 2 2 than 2' 2'. 


external mtercostals, in which the fibres run downwards 
and forwards, and an inner, the internal intercostals, 
with fibres running in the contrary direction. The two 
sets of fibres consequently cross one another like the 
two strokes of an X. In order to understand the action 
of these fibres it must be remembered that when a 
muscle contracts (p. 14) it becomes shorter and tends to 
bring together the parts to which its ends are attached. 
By means of a simple model devised more than a century 
and a half ago, and depicted in fig. 12, it may be shown 
that the external intercostals raise the ribs, and are 
therefore inspiratory muscles, while the internal inter- 
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costals pull them down, and are therefore, probably, 
expiratory muscles. Expiration, however, is largely a 
matter of return to the position of rest as a result of the 
elasticity of the parts, aided by their weight. 

SKELETON OF UPPER LIMB. 

Shoulder Girdle (figs. 4, 11, 13). — This consists of 
collar bone or clavicle, and shoulder blade or scapula. 

The former, named from its resemblance to an antique 
key (L. daviculus, a small 
stretching horizontally from 
the broad upper end of the 
sternum to the scapula. It 
supports the shoulder, and 
as in other cases the curved 
shape gives greater strength 
and elasticity, enabling it 
both to stand considerable 
shocks and, like a spring, 
to break their force. As 
the important blood-vessels 
and nerves of the arm pass 
under it this is a matter 
of great importance. The 
scapula (L. name) is a 
triangular bone (fig. 13) 
situated at the back of 
the thorax, with its shortest side directed upwards. 
Powerful muscles for moving the arm are attached to 
it, besides which it furnishes a shallow cup, the glenoid 
cavity, to which the bone of the upper arm is articu- 
lated. The outer end of the clavicle is connected 
with an arched process of the scapula known as the 
acromion (Gk. akrd% top; omds, snoulder) because it 
forms the top of the shoulder. It is the free end of a 
prominent ridge or ‘spine' which runs across the 
scapula, and it prottjcts the shoulder joint besides pre- 
venting dislocation in an upward direction. 

(M26) 


key), is an /-shaped bone 
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Free Limb (figs. 14-16).~The humerus (L. humerus^ 
shoulder) or upper arm bone (fig. 14) consists, like all 
long bones, of a shaft and two enlarged articular ends 
which help to form joints. It is also convenient in a 
case like this to call the end nearer the body froximal 
^L. proxime next) and the other end distal (L. distans. 


y 



Fig. 14.— Humerus 

H, head; S, scapula; 
Gl, glenoid cavity. 


distant). The proximal 
end of the humerus is 
mainly constituted by a 
large rounded surface 
known as the head, 
which articulates with 
the glenoid cavity to 
form a ball-and-socket 
joint. The head is 
much larger than the 
cavity and this enables 
very extensive move- 
ments to be executed, 
but at the same time 
makes the shoulder 
joint easy to put out. 
Note also that the head 
is set on obliquely so as 
to facilitate a rotatory 
movement inwards, 
which is specially useful 
in the case of the arm. 
The distal end of the 



Pig. 16.— Bones of 
Forearm. 


R, Radius, with 
head H ; 17, ulna, 
with head H' and 
olecranon 01. 


humerus presents a 


smooth pulley-shaped surface for articulation with the 


radius and ulna. 


Radius and Ulna (fig. 15). — These bones respec- 
tively support the thumb-side and little-finger-side of 
the forearm. The radius (L. for spoke of a wheel) has 
a small proximal end (‘head’) upon which is a shallow 
cup for articulation with part of the pulley-shaped end 
of the humerus. The distal end of the‘ radius broadens 
out to form a support for the greater part of the hand. 
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The ulna, as its name implies (Gk. oUns, elbow), plays 
an important part in the formation of the elbow, its 
large proximal end articulating by means of a deep 
smooth cavity with the greater part of the pulley-like 
surface presented by the humerus. Behind this cavity 
the ulna is produced into a large process, the olecranon 
(Gk. dime, elbow; hwads, helmet), which constitutes the 
sharp point of the bent elbow. It gives attachment to 
an important muscle by which 
the arm is straightened, pro- 
tects the elbow-joint, and pre- 
vents the forearm from being 
bent back too far. The com- 
paratively small distal end 
(‘head’) of the ulna helps to 
su])port the wrist. 

Supination and Prona- 
tion. — A very perfect hinge- 
joint is formed by the union 
of the humerus and ulna, but 
the head of the radius is so 
constructed as to allow of a 
certain amount of twisting 



movement. Keep the upper 
arm still and turn the palm 
upwards (supine position) as 


Fig. 16 —Bones of the Hand, from 
behind. 

A dotted line leading to 4 shows the 
position of one carpal bone,'which 
can be seen only from the front. 


in the right arm of fig. 4. The 

radius and ulna are now parallel and the thumb is outside. 
Now turn the back of the hand upwards (prone position) 


like the left arm in fig. 4. By this movement the radius, 
carrying the hand with it, will have been twisted over 
the ulna, bringing the thumb to the inner side. During 
the twisting a smooth surface running round the* head 
of the radius plays in a smooth hollow on the inner side 


of the ulna. 


The wrist (fig. 16, 1-8) is supported by 8 small 
irregular carpal bones, collectively termed the carpus 
(Gk. karpds, wrist), , which are articulated t^ether so as 
to combine strength with great flexibility. The prespnce 
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of so many bones is also of importance in preventing 
jarring from the shocks to which the hand is especially 
liable. 

The 5 slender metacarpal bones (fig. 16, m) collec- 
tively called the metacarpus (Gk. iMta, next ; karpds)^ which 
support the undivided part of the hand are, like other 
long bones, made up of central shafts and swollen articu- 
lar ends which enter into joints. The first metacarpal, 
which is the one supporting the thumb, articulates with 

a saddle-shaped surface 
on one of the carpal 
bones. This allows of 
very great freedom of 
movement, so that the 
thumb can be opposed 
to the other digits, thus 
enabling a number of 
useful movements to be 
executed, which would 
otherwise be difficult or 
impossible. This may 
be realized by attempt- 

L, Lumbar vertebrae; S, sacium, C, toccyx; 

O 1 , OB muomiuatum ; A, acetabulum, piCJt Up a pill Wltll 

the fingers of one hand. 

The digits are completed by small bones, phalanges 
(hg. 16, p), similar to but shorter than the metacarpals. 
There are two phalanges for the thumb and three for 
each of the fingers. The end phalanges are the smallest 
and their free extremities are thick and rough so as to 
better support the tips of the digits. Owing to the 
inequality in length of thumb and fingers their tips can 
all be easily brought together in a way which is of use 
for innumerable purposes. 

SKELETON OF LOWER LIMB. 

Hip Girdle. — This is constituted on .each side by a 
large irregular bone, the os innomipatum (L. for un- 
named bone) closely united with its fellow and with the 
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sacrum to form an arch-like structure, the pelvis, so 
named from its resemblance to a basin (L. peiviSj basin). 
The sacrum is the keystone of this arch, which supports 
the weight of the trunk, and transmits it to the thigh- 
bones. On the outer side of 


each innominate bone there 
is a deep cavity, the aceta- 
bulum (L. for vinegar cup), 
with which the thigh-bone ar- 
ticulates. Important organs 
are contained in the cavity 
of the pelvis, and are thus to 
a large extent protected. 




Fig. 18.— Leg Bones. 

F, Femur; H, head ; Lg, ligament; R. Lg., round ligament; 0. i., os inuominatum ; 
P, pateUa; Tb, tibia; H, head; Fb, fibula; H'; head. 


Free Limb (fip. 18-20). — The thigh-bone or femur 
(L. for thigh), is the longest and strongest in the body. 
It corresponds 1)0 the humerus, and like it consists (fig. 18) 
of a proximal end provided with a rounded head, a 
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shaft, and a pulley-like distal end. The smooth glo])ular 
head is not placed in a line with the shaft but on the 
end of an obli(jue ‘ neck The result of this arrange- 
ment is to keep the legs wider apart, thus making it 
easier to balance the body — to form an arch by which 
the weight of the body is transmitted to the legs — and 
to afford more advantageous attachments for muscles. 

Hip -joint. — In comparing this with the shoulder 
joint the first noteworthy point is the depth of the cup- 
like acetabulum, as compared with 
the shallow glenoid ca\ ity. In 
fact the head of the femur fits so 
accurately into its socket that at- 
mospheric pressure alone is suffi- 
cient to keep it in place and to 
support the weight of the leg. The 
joint is also kept firm by ligaments, 
one of which, the round ligament 
(ligamentum teres) runs from the 
head of the femur to the aceta- 
bulum (fig. 18 ). The result of the 
arrangements described is to some- 
what limit the freedom of move- 
ment at the hip as compared with 
the shoulder, while at the same 
time there is greater firmness and 
far less likelihood of diclocation. 

Tibia and Fibula (fig. 18 ). 
The tibia is much the larger of 
these two bones. Its proximal end 
is a broad head which articulates with the femur, while 
its rather narrower distal end plays an important part 
in the formation of the ankle-joint. The slender fibula 
presents a small head above, which does not, however, 
help to form the knee-joint. Its lower end is somewhat 
broader and enters into the ankle-joint. 

Knee-joint and Patella. — ^The knee, like the elbow, 
is a hinge- joint, which, however, is here protected in 
front by a special bone, the knee-pan or patella (fig. 18 ), 



Tig 19 —Bones of the Foot 
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which also gives a better leverage to the muscles which 
straighten the leg. 

The bones of the ankle or tarsus (Gk. tarsus, ankle) 
are seven in number (fig. 19, 1-7). They are much 
stronger and more massive than the wrist-bones, as they 
have to support the weight of the body, but, as in the 
case of the wrist, flexibility and power of breaking 
shocks result from the presence of a number of bones 
jointed together. The two 


largest of these bones are the 
huckle-bone or astragalus 
(Gk. astragalds, ankle-bone) 
which has a pulley-like sur 
face above for articulation 
with the log-bones 


C 


Pig. 20.--Bones of the Foot, from the side. 


A, Tibia ; b, astragalus; c, os calcis; » and e, other tarsal bones; f, metatarsal bone of 
great toe; o and h, phalanges of great toe. 


and the heel-bone or calcaneum (L. calx^ calcis^ heel), which 
projects backwards to form the heel (fig. 19, 1 ; fig. 20 , c). 

The metatarsals (fig. 19, m) and phalanges (fig. 19, p\ 
which constitute the framework of the toes, are the 
same in number as the corresponding bones of the 
fingers (p. 35 ), but the proportions are very different. 
The great toe is relatively very large (figs. 19 and 20 ), 
and cannot be opposed to the other digits, while the 
phalanges are comparatively short. 

Arches of the Foot. — As may he seen from fig. 20 
the tarsus and metatarsus together are arranged as a 
flexible arch from before backwards, and a similar arch 
from side to side is formed by the tarsal bones. This 
flexible double arch combines great strength with a 
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large amount of springiness. It is worth noting that 
the parts of the foot which touch the ground are the 
heel, outer side, and toes. The great toe, in particular, 
has a great deal to do with supporting the weight of the 
body. 

JOINTS. 


The connections between the bones and cartilages of 
which the skeleton mainly consists are known as joints 
or articulations (L. articiilus, joint), and they are roughly 
divisible into imperfect and perfect. 

Imperfect Joints allow of no movement at all, as in 
the case of the union by suture of the skull bones — or 
else of limited movement, like that permitted between 
the vertebrae (p. 28). 

Perfect Joints are all distinguished by the fact that 
they present smooth cartilage-covered surfaces playing 



Fig. 21 —Diagrammatic Section through a 
Synovial Joint. 


The articular ends of the bones are covered by cartilage 
(dotted in the fig.), and they are pulled apart so as to 
show the synovial membrane, which 13 indicated by a 
thick black line ; x x, cavity of the synovial sac. 


against one another. 
The passage of the 
smooth surfaces over 
one another is ren- 
dered still freer by 
the presence of a 
s^ovial (Gk. snn, 
with, odiiy egg) mem- 
brane, which covers 
them and produces 


a small amount of 


lubricating synovial fluid, popularly termed ‘ joint oil ’, 
though not of an oily nature. The membrane forms a 
sort of bag placed between the opposed surfaces (fig. 21), 
but under ordinary circumstances the cavity of the bag 
is reduced to almost nothing. As in the c^se of some 
imperfect joints the parts are connected together by 
strong connective tissue, bands, or ligaments of very 
varying shape. Perfect joints are of various kinds, 
according to the kind of movement allowed by the shape 
of the articular surfaces. The most important are the 
following. (1) Hinge-joints, such those at the elbow, 
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knee, and ankle, where pulley-shaped surfaces work in 
corresponding hollows and allow of alternate bending 
(flexion) and straightening (extension). Another exam- 
ple is the Joint between the occipital bone and atlas. A 
variety of this kind of union is found in the double hinge 
joint, where two saddle-shaped surfaces play against 
one another, as is the case with the metacarpal of the 
thumb and its corresponding carpal bone; (2) Ball-and- 
socket joints, like those of the shoulder and hip, allow 
of movement in all directions, a rounded surface fitting 
into a cup; (3) Pivot joints permit of rotation, as best 
seen in the joint between atlas and axis, where the 
odontoid process of the latter constitutes the pivot. 
There is also a pivot joint at the elbow, between humerus 
and radius, in virtue of which the forearm can be brought 
into the position of pronation (p. 35). 

BONES AS LEVERS. MUSCLES AND MUSCULAR 
MOVEMENTS. 

A general idea of the nature of muscles has already 
been given (p. 14), as well as an example of their action 
(p. 32) in bringing about movement. A few further 
details may now be entered upon. The different move- 
ments of the limbs, for instance, are brought about by 
the action of very numerous muscles varying in size and 
shape, and attached to the bones. In all cases the con- 
traction of any special muscle means that the two bones 
to which it is attached are brought closer together, the 
exact nature of the movement depending on the kind of 
joint between the bones. Some 240 distinct muscles 
exist in the human body, and of these 126 belong to 
the head, neck, and trunk, 112 to the limbs. 

Biceps Muscle (fig. 22). — This may be taken as 
an example of a limb muscle. It is a spindle-shaped 
piece of flesh readily felt in the front of the upper arm. 
its use is to flex or bend the arm by its contraction, 
and the shortening with corresponding thickening which 
takes place during*this process may readily be noted in 
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the position indicated when the forearm is bent up. 
The muscle is covered by a firm sheath of connective 
tissue, and when this is dissected away it can be divided 
into a number of smaller parts running longitudinally 
and also invested by connective tissue. Each of these 



parts again is a bundle or fasciculus 
(L. for small bundle) of minute cylin- 
drical threads termed muscle fibres, the 
presence of which gives a kind of 
‘grain’ to the flesh. Connective tissue 
penetrates into the muscle bundles, and 
in the supporting framework constituted 
by this tissue within and between the 
bundles blood-vessels and nerves branch. 
As will be seen from fig. 22 the central 
thick part (belly) of the biceps is divided 
into two longitudinally, each half taper- 
ing above into a strong fibrous cord of 
bluish-white colour, known as a tendon 
and attached to the scapula. The 
biceps tapers below into a third tendon 
which is fixed to the upper end of the 
radius. Tendons somewhat resemble 
ligaments, being, like them, made of 
dense fibrous connective tissue. Their 
use is to enable a large number of 
muscles to be attached to a compara- 
ti^^ely small surface of bone, an arrange- 
ment which favours compactness and 


Fig.!!!!.-Bi<»sp,Mu8cte enables a muscle with a long slender 
of the Arm, tendoH to act from a considerable dis- 


tance. The hand, for example, would 
be a large and clumsy structure if 
all the muscles which move it were attached directly to 
its bones. As it is many of these are situated in the 
forearm and only their slender tendons are found in the 
hand itself, where they may readily be felt as firm 
cords (fig. 23). 

In a muscle such as the biceps the bnd attached to the 
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relatively fixed part is the origin (double in this case), 
while the other end attached to the relatively movable 
part is the insertion. 

Bones as Levers. — A lever (L. levo, I raise) is 




Fig. 23.— Muscles and Tendons of the Hand. 


defined in mechanics as a rigid bar 
shaped) moving about a relatively 
last is termed the fulcrum (f), w 
which brings about the 
movement is applied at an- ^ 
other point, and the weight 
(w) or resistance to be 
overcome is situated at a / \ \ 

third. Three of levers / 

are distinguished according 
to the relative position of fulcrum, 
These are : — 

(1) First ClasiS (fig. 24). Fulcrum 

(2) Second Class (fig. 25). Weight 


(not necessarily rod- 
" fixed point. This 
’’hile the power (p), 


Fig. 24.— Le\^r of Ftfst 
Class. 


power, and weight. 

in the middle (pfw). 
in the middle (pwf). 
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(3) Third Class (fig. 26). Power in the middle (fpw). 
It is important to remember that a lever may be 
curved and of irregular 



Fig. 26.— Lever of Second Class. Fig 26.— Lever of Third Class. 


Examples of Levers. 

(1) Pirst Glass, (a) A poker as commonly used, f 
being where it rests on the bar 
of the grate; (b) The skull as 
balanced on toj) of the back- 
bone. p = muscles attached to 
back of head, F at occipital con- 
dyles, w = weight of head; (c) The 
pelvis as balanced on the thigh- 
bones and prevented from falling 
forwards. P = muscles attached 
to back part of pelvis, F at 
acetabula, w = weight of body ; 
(d) The foot, when in sitting 
posture one leg is thrown over 
the other and toes tapped once 
on ground. P == calf -muscle in- 
serted into heel-bone (figs. 27 
and 28) by tendon of Achilles, 
F at ankle-joint. w== weight of 
foot. 

Fig. 27 .— Inbertion of Calf-muscle, (^) SeCOlld CIESS. (fl) A 

wheelbarrow supported by the 
handles, p = force applied at handles, w — weight of 
barrow and its contents, F at place where wheel rests 
■on gi*ound. (6) The foot as used when body is supported 
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on toes (fig. 28). p — calf-muscle applied to heel bonCj 
\v = weight of body, r at tips of toes. 

(3) Third Class, (a) The forearm when | | i 

being bent (fig. 29 ) at elbow joint, 1 I j 

P = biceps muscle, W - weight of forearm I I / 

and anything there may happen to l)e I 1 M 
in the hand, (h) The foot used for press- / 

ing down the pedal of a piano, the heel 
resting on the ground. F at heel, P— 
weight of leg acting in the middle of If} \ 

foot and pushing it down, \v = force o^^er- v 1 11 \ 

come by the toes in lowering the pedal. 1 1 I 1, , .4 
Levers of the first class are sometimes \ | lili'iip-i 
called levers of stability, because they 1 |l4 i[||f 
help to keep the l}ody and its parts in \ 1 1 
a steady position, while those of the \ 1 l|||l' 
second class are levers of power, because i I ||w ' 
they are best adapted for doing heavy \ 1 1 W 

work, and those of the third class, levers \ 1 1|| 

of rapidity, because a comparatively |||l 

quick movement is brought about by a / 

small muscular contraction. It must / 

be remembered, on 1 

. \ the other hand, 1 fjjf 

i I \ m that rapidity of Ij 

I I M movement is gained 
\|\ I I |!i by the expenditure 
m I I ||l of a relatively large 
w 1 \ Jill amount of force. 


Flexor and 'Extensor Muscles. — Those muscles 
which bend or flex •a limb or part of a limb are con- 
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veniently termed flexors, while those which straighten or 
extend such parts are known as extensors. 

Upright Position of Body. — The vertical position 
of the body is only maintained at the expense of con- 
siderable muscular effort. Putting it broadly, there ai-e 
numerous muscles situated in the front of the neck, 
trunk, and legs, which tend to pull the body forwards, 
and others placed at the back which tend to pull the 
body backwards. These two sets of muscles counteract 
one another and prevent the body from falling either 
forwards or backwards. In rather greater detail the 
facts may be stated as follows — 


Muscles tending to pull Muscles tending to pull 

body forwards. body backwards. 

(M — muscles.) 


M. of front of neck 

Elat m. forming wall of 

abdomen 

Extensor m. on front of 

thigh 

Extensor m. on front of 
lower leg 


I opposed by 
I opposed by 
I opposed by 


M. running down back of 
vertebral column. 

Haunch m. and flexor m. 
on back of thigh. 

Flexor m. of calf. 


Voluntary and Involuntary Muscles. — All the 

muscles so far described, Le. those which constitute the 
^ flesh’, are called voluntary, because they are under 
the direct control of the will. They are also known as 
red muscle, from their colour, which is due to plentiful 
blood supply. Another kind of muscle, however, exists 
in the body, to which the terms involuntary and white 
are applied. It makes up a large part of the walls of 
the internal organs, is pale in colour, and not under the 
control of the will. 

Tonic Condition of the Muscles. — Under ordin- 
ary circumstances the muscles of the body is in a half- 
contracted or tonic condition, as a result of nervous 
action. There is, therefore, a possibility of more vigor- 
ous contraction on the one hand, as when a muscle is 
used to bring about movement, or less vigorous contrac- 
tion in the other, as when a person falls “down as a result 
of p blow on the hepd. 
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Connective Tissue. This is a convenient place 
to give a few further details about this, tissue which has 
already been frequently mentioned. A rough distinction 
is drawn between white and yellow connective tissue. 
(1) White connective tissue is tough and inelastic, and 
is seen in its purest form in tendons and most ligaments. 
Other examples are periosteum (p. 17), and perichon- 
drium (p. 20), and the firm sheaths which invest muscles 
(p. 42). It yields gelatin on boiling or treatment with 
weak acid. (2) Yellow connective tissue is best exem- 
plified by the ligamentum nuchae (p. 30), and differs 
markedly from the white in its great elasticity and the 
fact that it is unaffected by boiling or by the action of 
weak acid. 

Cartilage and bone are closely allied to connective 
tissue, and fat may be regarded as a modified form of it. 


CHAPTEE III. 

FOOD. DIGESTIVE ORGAISS. 

A preliminary notion of the subjects forming the head- 
ing of this chapter has already been given (p. 14), and 
further information upon them will now be given. 

Composition of Food. — Food is the material from 
which the ever-wasting body is as constantly repaired 
and additions made during growth derived. In repair- 
ing a steam engine the same materials are employed as 
those used in its original construction, i.e. steel, brass, 
&c. The human body is, in a sense, a growing, self- 
repairing machine, and it is necessary to know wha«t it is 
made of in order to understand the nature of the food 
used for repairs and growth. 

Ultimate Composition of Body. — By means of 
dissection the body can be divided into tissues (p. 17), 
and a further analj^sis can be made by the chemist, and 
is made in nature during the processes of decay. ^But 
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at this stage a few elementary chemical considerations 
become necessary. 

Elements and Compounds. — Air, wate^ the solid 
framework of the globe, and the bodies of organisms, are 
resolvable into some seventy kinds of material which are 
termed elements, since no means are at present knovm 
of breaking them up into simpler substances. Six of 
these elements are of primary importance as regards the 
composition of the human body. They are: — oxygen 
(0), nitrogen (N), hydrogen (H), carbon (C), sulphur (S), 
and phosphoinis (P), of which the first three are gases 
and the last three solids under ordinary conditions. The 
letters in parentheses are the abbreviations or ‘ symbols 
used to express these elements. 

A compound is a substance formed by the intimate 
union of two or more elements in definite proportions, 
and differing in properties from its components. Water, 
for instance, is composed of 8 parts of oxygen and 1 part 
of hydrogen, by weight, or 1 and 2 parts respectively, by 
volume. It differs obviously from its components, be- 
ing a liquid under ordinary conditions when the tem- 
perature is between 32° F. and 212° F., while both 
oxygen and hydrogen are gases under the same condi- 
tions. Some of the chemical differences will appear later. 
Again, carbon dioxide, commonly called carbonic acid 
gas, and familiarly known as causing the effervescence 
of soda-water or ginger-beer, consists of 12 parts by 
weight of carbon plus 32 of oxygen. Carbon includes 
the solid substances known as diamond, charcoal, and 
graphite (black-lead). 

Atomic Theory. — Chemical facts are most simply 
explained by supposing the various elements to be ulti- 
mately composed of excessively minute particles termed 
atoms, which have different weights in different elements. 
The atoms of the lightest known element, the gas hydro- 
gen, are taken as the standard of comparison, and hydro- 
gen is said to have the atomic weight 1. When, there- 
fore, the atomic weight of oxygen is ptated to be 16, it is 
me£^nt that an atom of oxygen is sixteen times as heavy 
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as a hydrogen atom, and similarly for the other elements. 
The above furnishes an explanation of the fact mentioned 
above that a compound is made up of two or more ele- 
ments united in tU finite proportions. 

Molecules. — The smallest amount of a compound 
that can exist as such is termed a molecule (L. inoknila, 
a small mass). This consists of atoms of the constituent 
elements, and if by any means these atoms are separated 
from one another the molecule is said to be decomposed. 
Under ordinary circumstances an element, too, is supposed 
to }je made of molecules, but in this case the atoms con- 
stituting the molecule are all of the same kind. 

Chemical Formula. — The method of expressing a 
compound by an abbreviated expression, or chemical 
formula, will now be readily understood. Thus H.^O 
stands for water, and means that every molecule of that 
substance consists of two atoms of hydrogen united to 
one of oxygen. It is unnecessary to write the 1. It 
also expresses the fact that water is composed of (a) 2 
volumes of hydrogen gas -f 1 volume of oxygen gas, (b) 
2 parts by weight of hydrogen -i- 16 parts by weight of 
oxygen. Similarly CO 2 = carbon dioxide, in which every 
molecule consists of one carbon atom 4- two oxygen atoms. 
The properties of the chief elements making up the human 
body may now be instructively considered. 

Acids and Alkalies.^ — The former name is given to 
certain hydrogen compounds which in many cases redden 
blue litmus paper, and which commonly have a sour taste. 
Alkalies, on the other hand, turn red litmus blue, and 
possess a soapy taste. Litmus is a vegetable colouring 
matter. 

Oxygen. — Afmiic weight, 16. This element, which, 
under ordinary circumstances, is a gas, is more abundant 
than any other. Mixed with other gases it makes up 
about one-fifth the volume of the air, and it is combined 
tvith hydrogen to form water, of which it constitutes 
eight-ninths by \veight. About 46 per cent, by weight, 

1 These definitions are vdly incomplete, but may answer the present pur- 
pose. For further details chemical text- books can be consulted. * 

(M 26 ) 


0 
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of the solid part of the earth is made up of it, and some- 
thing like two-thirds hy weight of the human body. 

Certain compounds of which oxygen is a 
constituent can be decomposed by heat, the oxygon being 
driven off. One of these compounds is the red oxide of 
mercury, HgO, Hg being the symbol for mercury or 
quicksilver al^breviated from its Latin name hydnirgyrwn. 



Pig. 30.— Apparatus for Preparing and Collecting Oxygen from Chlorate of Potash, 
as it is generally done in the Laboratory. 


yiotasli, which gives off the gas in abundance when heated. 
The addition of a small quantity of black oxide of man- 
ganese enables the action to take place at a lower tem- 
perature. The apparatus employed is represented in fig. 
30. The chlorate of potash is placed in a glass flask, the 
mouth of which is closed by a perforated cork. One end 
of a suitably curved glass tube is fixed into the hole in 
the cork, while the other end dips into a vessel of water, 
in which a glass jar, previously filled with water, has been 
inverted. The flask is now heated by means of a Bunsen 
gas burner or spirit lamp, and oxygen soon begins to come' 
off in a rapid stream of bubbles from the submerged 
end of the tube. After allowing a short time to elapse, 
so that the air in the flask and tube may have time to 
esgape, the bubbles may be allowed to ascend into the jar. 
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When this is full its mouth is closed by a greased glass 
plate, after which it is removed and placed right way up 
on the table. Several jars so collected will serve for 
studying the properties of oxygen. That it is colourless 
and odourless can easily be observed, while a glowing 
splinter of wood or dip candle with a glowing wick is 
rekindled if introduced into the jar, and goes on burning 
with greatly increased brightness. Oxygen is therefore 
a vigorous supporter of combustion, which fact may fur- 
ther be demonstrated by burning in it (a) fragment 
of charcoal, (1)) a small quantity 
of flowers of sulphur placed in a 
small iron spoon. In the last two 
experiments the oxygen unites 
with the carbon to form caihow 
dioxide, and with the sulphur to 
form sulphur dioxide, a gas posses- 
sing a peculiarly piercing smell. 

The oxygen is said to oxidize^ 
the cai’bon and sulphur, the pro- 
cess ])eing one of oxidation,^ or 
union of oxygen with some other 
substance. 

One of the main objects of breathing is to take oxygen 
from the air into the body (p. 16). 

Nitrogen . — Atomic weight, 14. This element, like 
oxygen, is a gas under ordinary circumstances. It con- 
stitutes about four-fifths by volume of the air, and is a 
very important component of the human body. Prepara- 
tion. — The simplest method is to get rid of the oxygen in 
a small quantity of air by burning phosphorus in it. A 
small fragment of this substance is placed on a small tin 
saucer floating in a vessel of water (fig. 31), covered by a 
stoppered bell jar, and ignited with a red hot wire pushed 
in at the top of the jar, from which the stopper is momen- 
tarily removed. The burning phosphorus gives off dense 
white fumes of a compound (phosphorus pentoxide) formed 

1 The meaning of these tedns has been somewhat extended by hut 

this does not concern the student of elementary physiology. • 
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by union of the oxygen with it. These dissolve in the 
watei\ and the nitrogen of the air is left behind in the 
jar. At the end of the experiment the water will have 
risen so as to fill about one-fifth of the jar, thus proving 
that the removed oxygen made up that proportion of the 
air. Nitrogen thus obtained is easily observed to be a 
colourless, odourless gas, which does not support combus- 
tion, and does not itself burn. 

Hydrogen. — Atomic weight, 1. 
Like the preceding elements this, 
too, is a gas under ordinary con- 
ditions. It makes up one-eighth 
by weight of water, or two-thirds 



by volume. Preparation . — Water can be decomposed into 
its constituent elements, oxygen and hydrogen, by means 
of an electric current, but the most convenient method of 
preparing hydrogen is by allowing zinc to act upon dilute 
sulphuric acid {oil of vitriol). The apparatus employed is 
shown in fig. 32. On the left is a bottle in which some 
fragments of zinc are placed and which is closed by a 
doubly-perforated tightly-fitting cork. One hole of this is 
provided with a long tube, ending above in a small funnel, 
through which dilute sulphuric acid as poured, while from 
the other hole a curved delivery tube runs to the gas-cob 
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looting arrangement shown on the right. When sulphuric 
acid is poured into the zinc a brisk effervescence ensues, 
due to decomposition of the acid with escape of its hydro- 
gen. Care must be taken to let all the air escape before the 
gas is collected, as a mixture of hydrogen and air is highly 
explosive. The collected gas is quickly proved to be 
colourless and odourless, and its properties must next be 
tested as regards combustion. A lighted candle-end sup- 
ported on a bent wire and raised into a jar of hydrogen 
held upside down at once goes out, but the hydrogen 
itself takes fire and burns with a pale bluish flame at the 
mouth of the jar. If a tube drawn out into a fine point 
is substituted for the delivery tube a burning jet of 
hydrogen will be obtained on applying a match. The 
inside of a small beaker held over the jet will quickly 
be dimmed with moisture, the hydrogen having been 
oxidized into water by the oxygen of the air. Great 
care must be taken to let all the air escape before per- 
forming this experiment. This will not have taken 
place till the gas collected in a small test-tube inverted 
over the unlit jet burns quietly. Hydrogen, therefore, 
like nitrogen, does 7iot support the combustion of a candle, 
but, unlike nitrogen, can 1>e set on fire. The film of 
moisture seen on the inner side of the glass pf a just lit 
lamp results from union of the hydrogen of the oil with 
the oxygen of the air to form water. 

Carbon. — Atomic iveigld, 12. This is a solid element 
existing in the three forms of charcoal, graphite (black- 
lead), and diamond. It is a very characteristic compoijent 
of plants and animals, and is known in such an immense 
number of compounds that the study of these constitutes 
a distinct branch, organic chemistry, so named because 
these compounds were first known as resulting from the 
life of organisms. 

Sulphur (Brimstone ). — Atomic iveight, 32. This 
element is familiarly known as - a yellow solid, which 
burns with a pale blue flame, being oxidized into sul- 


phur dioxide during the process (p. 51). 

Phosphorus.-~^^mfc iceigkt, 31. The commonest 
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form of this element is a pale wax-like solid, exceedingly 
inflammable, for which reason it is usually kept under 
water and must not be handled with the fingers. 

Certain other elements of importance in the human 
body will be mentioned later on. 

Chemical Classification of Food-stuffs. — It is 
a matter of common knowledge that the food does not 
consist of elements. The necessary carbon, for example, 
could not be obtained from a meal of charcoal. In fact 
the food is made up for the most part of very complex 
organic compounds, obtained by herbivorous animals 
from plants, by carnivorous forms from animals, and by 
omnivorous forms, like ourselves, from both sources. 
The animal kingdom is ultimately dependent upon green 
plants, which are able to build up their complex bodies 
out of simple inorganic compounds. 

It is convenient to divide foods into 
FOODS. 

r I 

I. Nitrogenous. TI. Non-nitrogenous. 

Froteids or Albuminoids, 

consisting of the elements 

N , C , H , O , S, and some- 
times P. 

i I i i 

(1) Carbohydrates. (2) Fats. (3) Mineral Salts. (4) Water, 

' . ' H2O. 

consisting of the elements 
C,0,H. 

N itrogenous F oods. — Theseembrace a large number 
of exceedingly complex substances known as proteids (Gk. 

first ; eidds, shape), or albuminoids, using the terms 
in their broadest sense. They make up the greater 
part of lean meat, eggs, and cheese. A proteid com- 
pound is called comjdex because each molecule contains 
a very large number of atoms, and so little is known 
about these bodies that their chemical formulae are 
matters of speculation, and hence their properties cannot 
be predicted by the chemist. The percentage composi- 
tion is fairly well known, and has been calculated at 
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H. 

N. 

0. S. 


51-5 

6-9 

15-2 

20-9 0-3 


to 54'5 

7-3 

17 '0 

23*5 2-0 



and some of them contain a small quantity of phosphorus 
as an essential constituent. 

The following are examples of proteids, the su1)stances 
containing them being named: — mi/osin and syntonin, 
lean meat; albumin, white of egg; casein, cheese; fibrin, 
in clotted blood; gelatin, obtained by l>oiling connective 
tissue and bones; gluten, the sticky substance left l)e- 
hind when flour is kneaded in a fine muslin bag under a 
tap ; leguniin, in peas, beans, and lentils. 

Carbohydrates. — These are composed of carbon, 
hydrogen, and oxj’gen, the last two being in the same 
proportion as in water (H 2 O). Starch, sugar, and gum 
are examples. 

Fats. — These also consist of carbon, hydrogen, and 
oxygen, but they contain a larger proportion of hydrogen 
than the last kind of fof>d. All fatty and oily substances 
are included here. 

Mineral Salts. — The bones and teeth owe their 
hardness to mineral matter, chiefly consisting of ‘bone 
earth’ or phosphate of lime, and partly of carbonate 
of lime. The former is a compound made up of phos- 
phorus, oxygen, and a metallic element, calcium (Ca), 
while the latter, of which chalk is a form, contains cal- 
cium, carbon, and oxygen. These compounds of lime 
are necessary food constituents. 

Another indispensable compound is common salt, 
sodium chloride (NaCl), each molecule of which con- 
tains one atom of a metallic element, sodium (Na from 
L. 'natrium), and one of a gaseous element, chlorine (Cl). 

Compounds of iron are also necessary. ^ 

When a body is cremated the ‘ ash ’ left behind con- 
sists of the mineral salts. 

Water (HoO). — This makes up the greater part of 
the body, and is consequently a necessary food com- 
pound. 

Percentage Composition of the Body.— The 
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six classes of compounds just described enter into the 
composition of the body in the following proportions : — 

Proteids Carbohydrates Fats Mineral Salts Water 
Per cent, 18*0 0*1 15*4 5*5 01 0 


// 



Parts of Digestive Or- 
gans and their Arrange- 
ment. — Reference should be 
made to what has been said 
on page 15. The alimen- 
tary canal or food-tube is 
represented diagrammatically 
in hg. 33, from which it will 
be seen that it is by no means 
of uniform calibre, and to 
this may ]>e added that its 
walls are not of uniform 
thickness. The stomach and 
intestines do not lie loose 
in the abdominal cavity, but 
are fixed to its posterior wall 
by folds, known as the 
mesentery (Gk. mPstts, middle; 
e nitron, bowel), of a moist, 
shining membrane. The 
cavity is lined by a similar 
membrane, the peritoneum 
(Gk. around; teino, I 

stretch) with which the 
mesentery is continuous, and 
of which it may be regarded 
as a part. The whole of the 
alimentary canal is lined by 
a sort of soft skin, the mucous 
membrane, which is of a red- 
dish colour, richly provided 
with blood-vessels, and, ex- 
cept that belonging to the 
mouth, not very sensitive. 
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The junction between skin and mucous membrane is 
seen at the lips. 

Nature of Digestion. — The food is broken down 
mechanically in the alimentary canal and also subjected 
there to the chemical action of several digestive juices. 
As a result of this the 
‘digested’, i.e. either 
dissolved or brought 
into a finely divided 
condition. The innu- 
tritions and undigested 
remains of the food 
pass out of the body as 
the fsBces, which for the 
most part do not result 
from the waste of the 
body itself. 

Mouth (fig. 34). — 

The fleshy lips which 
bound the mouth open- 
ing constitute the front 
wall of the mouth. The 
roof of the mouth is 
known as the palate, 
and its front part (a), 
supported by the maxil- 
lary and palatine bones, 
is the hard palate, be- 
hind which is the fleshy 
soft palate {h). This is continued backwards and down- 
wards as the posterior boundary of the mouth, and it 
ends below in a small rounded projection, the uvula (u), 
easily seen on looking into the widely-opened mputh. 
The limits of the hard palate are marked out by a pro 
jecting ridge, the upper gum, in which the upper teeth 
are imbedded. The roof of the mouth is at the same 
time the floor of the nasal cavities (n). The side walls 
of the mouth are the muscular cheeks, while the tongue 
(t) rises up from its floor, the outer margin of which is 


nutritious part of the food is 



ic'v.i' j|/'j j 



Fig. 34.— Section showing Month and Nasal 
Cavities, Gullet, Windpipe, &c. 

t. Tongue; ph, pharynx; ep, epiglottis; g, gullet; 
w, windpipe. For other references see text. 
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marked by the lower g*um, in which the lower teeth are 
imbedded. The tongue is almost entirely composed of 
voluntary muscle. 

Teeth. — These are the hardest structures in the 
body, and consist chiefly of phosphate of lime. The 
first teeth, present in the child, are 20 in numlier and 

make iij) the 
milk dentition. 
The second or 
permanent denti- 
tion (fig. 35) con- 
sists of 32 teeth. 
There are three 
sorts of milk 
teeth ; (a) inci- 

sors or cutting 
teeth, placed in 
front, (b) canines, 

Fig. S3.— Side View of Jaw with Permanent Teeth. Bone Qiirl } r\ Drinrl- 
cut away to show their roots. ami j giliiii 

ing teeth, milk 

molars. The relative number may conveniently be 
expressed by a dental formula as follows : — 

. 2-2 1-1 2-2 



where i = incisor, c = canine, and — milk molar. In 
each fraction the numerator gives the upper and the 
denominator the lower teeth, while the dashes stand 
between the teeth of opposite sides. 

Permanent Teeth (figs. 35 and 36). — The milk 
incisors and canines are succeeded by the same number 
of permanent incisors and canines, the milk molars by the 
same,, number of permanent teeth termed in this case 
bicuspids or premolars. Behind these last come three 
permanent molars on each side above and below. These 
have no predecessors in the milk dentition. The dental 
formula is 



2-2 

2 - 2 ’ 


c. 


1-1 

l-l’ 



3 - 

3 - 


3 

3 



FOOD. DIGESTIVE ORGANS. 


59 


where p.m. ~~ premolar and m. - molar. The four hinder- 
most molars are the ‘wisdom' teeth, and it is only in 
some cases that they are all cut. 



Fiy. 36.~Kiiuls of Teeth. This figure shows the eight teeth in one half of a jaw. 


Structure of Teeth (fig. 37). — The projecting part 
of a tooth is the crown (chisel-edged in incisors, pointed 
in canines, and with a grinding 
surface in the other kinds), while 
the rest of it is made up of one 
or more tapering fangs imbedded 
in the jaw. Incisors, canines, 
and preniolars possess a single 
fang, molars, two or three. The 
slightly -narrowed junction be- 
tween crown and fang is called 
the neck. 

A magnified section through 
a molar tooth is represented in 
fig. 37, which shows the central 
pulp cavity present within the 
crown and continued into the 
fangs. The ‘pulp’, which occu- 
pies the cavity, consists of a 
framework of connective tissue 
traversed by blood-vessels and 
nerves, which enter it by means 
of a small hole situated at the tip of each fang (not seen 
in figure )- 

The greater part* of the tooth is made up of dentine 



Cr., Crown ; N, tieck ; F F, fangs; 
P, pulp cavity; E, enamel; 
D, dentine; Cm., cement. 
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(L. dens, tooth) or ivory, covered by an extremely hard 
substance — enamel — in the crown, and by a layer of 
bone in the fangs. This last is termed cement. Enamel 
contains per cent, and dentine 72 per cent of mineral 
salts, the rest consisting of animal matter. 

Pharynx (fig. 34, })h ). — This name (Gk. for throat) 
is given to the second section of the alimentary canal, 
into which the mouth opens behind. It is a tube of 
about inches long, which lies immediately in front 
of the upper cervical vertebrae, and may be considered 
as the dilated upper end of the gullet. There are sev^eii 
openings communicating with the cavity of the pharynx : 
(1) the opening from the mouth, on each side of which 
is a small oval swelling, the tonsil; (2 and 3) two small 
apertures, the posterior nares (L. nares, nostrils) ; one at 
the back of each nasal cavity; (4 and 5) on each side, 
close to the preceding, the small opening of one of the 
Eustachian tubes, which communicate with the drums 
of the ears; (6) the glottis, (Gk. name for it) or aper- 
ture of the larynx below; and (7) the opening at the 
lower end of the pharynx, where it becomes continuous 
with the gullet. A flexible Hap, the epiglottis (Gk. 
^pi, upon ; glottis) projects upwards in front of the glottis 
at the root of the tongue (fig. 34, ep). Air breathed in 
through the nose passes back in the nasal cavities, 
through the posterior nares into the pharynx and thence 
through the glottis. Air breathed out through the nose, 
takes the same course in reverse older. 

Gullet or CEsophagus. — This is a thick-walled tube, 
some 9 or 10 inches long, which runs just in front of 
the backbone through the neck and upper part of the 
thorax, comes a little forwards in the lower part of the 
thor^LX, pierces the diaphragm, and bebomes continuous 
with the stomach. 

The stomach (fig. 38) is a muscular, somewhat pear- 
shaped sac lying across the upper part of the abdominal 
cavity, with its long axis sloping downwards from left 
to right, and its broad end to the left. This broad part 
of the stomach is termed the cardiab (Gk. cctrdia, heart) 
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end, while the other extremity, which is thicker walled, 
and passes into the intestine, is known as the pyloric 
(Gk. 2 )i/ldros, gate-keeper) end. The gullet opens into 
the upper side of the stomach at the junction of the 
cardiac and pyloric portions. When fully distended the 
adult stomach is capable of holding aV)Out two quarts. 

The small intestine (fig. 39, cl ^/) is a greatly con- 
voluted and rather 
thin -walled tube, 
situated in the 
middle and lower 
part of the abdo- 
men. It is about 
20 feet long and 
rather broader 
(nearly 2 inches) 
at its beginning j. 
than at its end 
(a])out 1^ inch). 

The first jjart of i 
the small intestine, 
that succeeding 
the stomach, is 
known as the . duo- Fig. ss.-stomach, &c. 

deniim (L. duo- <E, CuHet; St., stomach; p.jivloric opeuiug; D,duo- 

deni, twelve, z.e. b. biie4uct; m.i.au- 

12 finger-breadths 

long), and forms an U-shaped loop about 10 inches 
long. It is followed by the jejunum (L. jejiinns, empty ; 
])ecaiise commonly found so) which constitutes about 
two-fifths of the rest of the small intestine, and this by 
the ileum (Gk. eileo, I coil) which is the last part of it. 
These three regions are not sharply marked off Jrom 
one another as the gullet is from the stomach or the 
stomach from the duodenum. 

Large Intestine (fig. 39). — The ileum ends in the 
lower part of the abdomen, on the right hand side, and 
there opens obliquely into the large intestine, w^hich is 
from 5 to 6 feet loAg and of greater diameter than^the 
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small intestine, as its name indicates. The large intes- 
tine begins in a loimded pouch, the caecum (L foi blind) 
situated belou the opening of the ileum and continued 
into a nairow process, the vermiform appendix (L for 
AYorin-shaped appendage). The caecum passes above into 


a The ffullet or oesophagus ^^luch 
IS continued fi rn the lack 
part of the mouth to 
b 1 he at m it h 

c The pylorus the sm ill end t f the 
strinich wheie it ojeus into 
the hrst part tf ait am ill in 
teatine At the pylorus la a 
thickened portion of the sto 
math wall which acts as a 
■V ih L to prevt nt the food lea\ 
ing the stomach till the pioftr 
time 

dd The duodenum or commence 
ment of the small intestine 
ee e The second part of the 
small intestine, tailed 
the lejunum 

/ff/ The third and ter 
minil portion of the 
small intestine termed 
the ileum 

g The CJeciini This is the ^ 
c mrncneetntnt of the 
hirj,t intestine indie 
twf • n it ar.'l thf dcum 
1,1.. to ,\ 1 M- I ih.l 
vlu. :i y\^ \i 111*. \\.x- re 
turn of my of the contents of 
the hrye inte'^tiucs hick into 
the small This is called the 
iko caei al laht 

h, A round worm like process of 
the caecum whuh is termed 
the vermiform process 
t, The fiist portion of the 1 ir5,e in 
testine called the ascending 
colon 

K The transverse colon 

l, The descending colon 

m, A pait of the larjje intestine 
which IS curved on itself some 
what in the form of the letter 
S, and termed the sigmoid 
flexure of the colon 

n, The termination of the large 

intestine and alimentary canal, 
named the rectum 
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Fig 39 —The Alimentary Canal 


the colon (Gk colon, division), which is distinguished by 
its puckered walls, and runs up the right side of the 
abdomen, across at a lower level than the stomach, and 
then down the right side, ending in an S shaped twist, 
the sig’moid flexure (Gk. 2, capital S, eidds, resemblance). 
The last eight inches or so of the lafge intestine occupy 
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the back part of the pelvic cavity, and constitute the 
rectum (L. for straight), which has thicker walls than 
the colon, and is not puckered. 

Structure of Alimentary Canal. — A common 
plan of structure is exhibited by gullet, stomach, and 
intestine, to explain which it will be found comenient 
to begin with the small intestine (fig. 40). This is made up 
of four coats or layers, which ^ ^ 


ai*e, from without inwards, 
(1) a thin seious coat consist- 
ing of peritoneum (p. 56), 
{'!) a coat of involuntary or 
pale muscle (p. 46) made up of 
an external layer of fibres run- 
ning longitudinally (^), and an 
internal ‘circular ’layer in which 
the fibres run transversely 
((./), (3) a thin submucous coat 
(c) of coarse connective tissue 
traversed by good-sized blood- 
vessels, (4) the mucous mem- 
hnutc (ah). The last coat is 
easily peeled off owing to the 
ready tearing of the sub- 
mucous tissue. When a piece of 



Fig 40 —Microscopical Structure of 
the Small Intestine, as seen in cio s 
section 


small intestine is cut open and 


examined under water the mucous membrane will be 


seen to form transverse folds, and to have a velvety look. 
Examination with a simple lens will demonstrate innumer- 
alile minute finger-like projections, the villi (L. villus, 
shaggy hair), shown in figs. 40 u, 41, 42, and 51. Be- 
tween these villi an immense number of deep tubular 
pits can be made out in a thin slice or section by aid of 
the microscope. These are called the glands of Lieber- 
kuhn (after an anatomist of that name). The mucous 
membrane consists of an exceedingly thin layer of muscle 
externally, then of fine connective tissue traversed by 
blood-vessels, nerves, and other structures, and, lastly, of 
epithelium, which fines the cavity of the intestine. ^The 
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term epithelium (Gk. upon ; thalld, I grow) is applied 
to a kind of tissue which forms layers covering surfaces 
and lining cavities. The epidermis or outer part of the 
skin is of this nature, and so is the innermost layer of 
all parts of the mucous membrane. Examination of 
epithelium by means of the microscope shows that it 
consists of minute elements known as cells, the nature of 
which varies in difterent cases. Cells are the units of 
structure, and not only epithelium but all the other 
tissues consist of them, and 
of other parts produced by 


u. 


Pig 42 — A VilliiRof the 
Small InteRtiue, ldrgel^ 

Fig. 41.— Piece of Inner Surface of magnified a, Columnar 

Intestine, showing the Villi mag- cells , e, gohkt cell, ruodi- 

uifitd lied columnar, 

them or from them, A cell essentially consists of a 
minute jiortion of the living substance, protoplasm (Gk. 
prof os, first; plasma, anything formed), on which all the 
functions of the body depend. A small particle of the 
protoplasm is of special nature, and constitutes what is 
known as the nucleus (L. for kernel). Fig. 42 repre- 
sents part of a longitudinal section through a villus as 
seen, under the microscope. It is covered by simple 
columnar epithelium — simple, because consisting of a 
single layer of cells; columnar, because these cells are 
shaped like little columns or prisms set at right angles 
to the surface. The epithelium lining the stomach, small 
intestine, and large intestine is, in the main, of this kind. 

A gland is to be defined as a more' or less complicated 
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pocket or pouch of mucous membrane, the epithelium of 
which is able to form or secrete some special substance 
or substances from the blood with which the organ is 
supplied. Single cells may also constitute glands, as is 
the case with, goblet cells (hg. e\ which secrete mucus 
and are abundantly present in the epithelium of mucous 
membrane. 

The glands of Lieberkiilin are among the simplest, 
and their secretion is known as intestinal juice. 

The large intestine chiefly difiers from the small 
intestine in the absence of villi, but glands of Lieber- 
kuhii are present as before, and their minute openings 
can be seen with a lens. The puckered appearance of 
the colon is due to the layer of longitudinal muscle being 
thickened into three flat bands which are shorter than 
the part of the wall between them, and cause it to be 
thrown into pouches. A similar appearance can be pro- 
duced in, say, the sleeve of a dress, by taking three 
broad pieces of elastic rather shorter than it, and, while 
keeping them stretched to the same length, sewing them 
to it. If the pieces of elastic are now allowed to shorten 
the sleeve will be thrown into pouch-like folds. 

Where the ileum opens into the ceecum there is an 
ileo-c8Bcal valve, consisting of two folds of mucous mem- 
brane, which project into the cavity of the caecum and 
prevent the contents of the large intestine from passing 
back into the ileum. At the end of the rectum its layer 
of circular muscle is thickened into a ring-muscle or 
sphincter (Gk. sphi{n)g<\ I choke), which, togethei* with a 
similar ring of voluntary muscle placed below it, serves 
to keep the external opening closed. 

The relatively very thick wall of the stomach possesses 
a well-developed muscular coat, which, in the upper part 
of the organ, includes a layer of oblique fibres within the 
circular ones. 

The mucous membrane is thick, smooth, and, except 
when the stomach is full, thrown into a number of longi- 
tudinal folds, or rugae (L. ruga^ wrinkle). On examina- 
tion with a lens innumerable minute pits can be seen, 

(M 26) E 
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which mark the openings of the gastric or peptic glands. 
These, like the glands of Lieherkuhn, are tubular de- 
pressions, and in a section (fig. 43) are seen to be packed 
very closely together. Their ends are branched, and 



lined (fig, 43, a) with glandular 
epithelium, by which the gastric 
juice is secreted. 

The glandular cells are of two 
kinds, (1) central or chief cells, 
somewhat cubical in shape, (2) 
o\oid parietal cells (black in the 
figure) The latter are absent in 



Pig 43 —The Mucous Memhratie of the Stomach m section, highly magnified 


8 points to the surface Q to one of the tubul ir glands, of which a indicates the central 
0 inal A lb a much more highly magnified m*w of one gland, which is rt])resentcd 
as giving off branches It shows the columnar epithelium of the surface diryping 
clown into the duct d of the gland from which two tubes brinch off Each tube is 
lined with squarish cells, and there is a minute central passage Here and there 
are seen other sped il cells (coloured black in figure) called parietal cells, whicn are 
supposed to produce the acid of the gastric juice 


the glands of the pyloric part of the stomach. That part 
of each gland which opens on the surface of the mucous 
me^mbrane may be called the duct (L. ductus^ aqueducty 
It carries off the gastric juice secreted by the rest of the 
gland, and is lined by simple columnar epithelium, which 
also covers that part of the mucous membrane which lies 
between the glands. 

At the junction of stomach and duodenum a pyloric 
sphincter is formed by a special thickening of the cir- 
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cular muscle layer. It projects inwards as a sort of 
circular ridge, forming a valve known as the pylorus 
(Gk. pidOrds, gatekeeper) because it guards the opening 
between stomach and intestine. 

The gullet is constructed on the same plan as stomach 
and intestine, but differs in the following points: — (1) 
There is no serous coat ; (2) The ^veil-developed muscular 
coat consists of red or voluntary muscle in its uj^per 
part; (3) The epithelium which lines the mucous mem- 
brane is stratified (L. sfra- 
tmn, layer) epithelium, con- 


6 

V.®' 


Fig. 44.— Stratified Squamous Epithe- 
lium. [Kleiu.J 



sisting of several layers of cells, Avhich become more and 
more flattened as the surface is approached (cp. fig. 44). 

The pharynx resembles the upper part of the gullet 
in structure, and the mucous membrane of the mouth is 
also lined by stratified epithelium, of which some de- 
tached cells are represented in fig. 45, The dark area in 
the centre of each cell represents the nucleus. 

The glands so far described are all minute and im- 
bedded in the mucous membrane. There are, however, 
a number of large glands, which have arisen as out- 
growths of the alimentary canal, and now lie entirely 
outside it, pouring their secretions into it by special 
ducts. These glands are the salivary glands opening 
into the mouth, liver and pancreas opening into the 
duodenum. 

There are three pairs of salivary glands, all situated 
in the head and secreting the saliva or spittle. The 
largest pair are the parotid glands (Gk. para, beside; 
ous, 6t6s, ear), situated below the skin in front of the. ear 
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(fig. 46, PP'), and sending a duct (d) forwards to open 
into the side of the mouth. The submaxillary glands 
<L. subj below; maxilla, jaw) lie below and within the 
back of the lower jaw {sm). Their ducts run forwards 
and open close together on the floor of the mouth on a 
small elevation situated not far behind the middle in- 
cisors. The sublingual glands (L. s\ih, below; lingua, 

tongue) are less than half 
the size of the preceding. 
They lie, one on each side, 
in a ridge which runs along 
the front part of the floor 
of the mouth between the 
tongue and teeth. Each 
possesses a number of ducts, 
of which the largest opens 
near that of the submaxillar y 
duct, while others open into 
that duct, and the remainder 
on the surface of the ridge. 

The structure of the sali- 
vary glands can be under- 
sto^ by reference to fig, 47. 
A simple tubular gland is 
represented by 1 ; 4 and 5 
possess little pouch-like out- 
growths, and are said to be sacculated (L. sacculas, little 
bag); while 6 is still further complicated, having under- 
gone h'anchmg. This last kind is termed racemose (L. 
racemm, bunch of grapes), because there is a vague re- 
semblance to a bunch of grapes. 

A salivary gland consists of a large number of small 
rounded lobules (diminutive of lobe) each of which has the 
structure represented in 6, and the main duct is formed 
by the union of smaller ducts from these lobules, just 
as a river is formed by the union of tributaries. 

The entire gland is lined by simple epithelium, made 
up in the pouches or alveoU (L. alveolus, a small re- 
ceptacle) of the lobules of large cell^ which secrete the 



pjp'. Parotid; sm, subm axillary, d is 
placed below the duct of the parotid. 
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saliya. The lobules and ducts are bound together by a 
framework of connective tissue traversed by blood-vessels 
and nerves. 

The liver is an exceedingly large gland, of a reddish- 
})rown colour, situated in the upper part of the abdomen 
(fig. 3), where its convex upper surface fits closely against 


Fig 47.— Fiagnim of 
the Structure of Secre- 
ting Glands. 

The continuous line 
reiireseuta the outer 
iMiuudary of the con- 
nective tissue of mu- 
cous membrane. The 
dotted line repre- 
sents the position of 
the ei>itheliuin. The 
irregular line shows 
the position of the 
blood-vessels 1 shows 
the simple tubular 
gbind. 2 indicates 
how the mouth may 
become shut and a 
sac formed. 3 repre- 
sents a coiled tulie. 
4 and 5 indicate the 
formati'on of recesses 
to produce a Sficcu- 
lated gland, and 6 is 
a plan of iiart of a 
racemose gland. 
[Kharpey.] 



4 S 



the diaphragm, and its irregular somewhat concave lower 
surface rests on the stomach, part of the intestines, and 
other organs. It weighs about 3|^ lbs., and measure^ 
about 11 inches from side to side, 6 to 7 inches from 
front to back, and 3| inches from above do avii wards in 
its thickest part, which is to the right. The li\^r is 
divided into right and left lobes, which are of very unequal 
size, the former being much the larger of the. two. 
When turned up (fig. 48) a pear-shaped bag, the gall- 
bladder {g) is seen firmly attached to the middle of the 
right lobe. By the union of a duct from each lobe, an 
hepatic duct (G. hipar, liver) is formed (fig. 38), which 
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receives the cystic duct (Gk. custos, bag) from the gall- 
bladder, and later on unites with the pancreatic duct 
to form the common bile-duct, which opens into the 

duodenum three or 
four inches beyond 
the pylorus. 

Structure of 
the Liver. — The 
liver consists of an 
enormous number 
of minute lobules, 
which can be seen 
with a lens on a 
cut surface as poly- 
gonal areas from 

tV 

broad. Each of 
these lobules again consists, as may bo made out by 
means of the microscope, of a veiy large number of liver- 
cells (fig. 49), which must be regarded as having the 
nature of glandular epithelium. Between these cells 
the finest branches of the hepatic ducts 
unite together as a delicate network. 
It is a condition even more complicated 
than the one represented in fig. 47, 6. 
Imagine a minute very much branched 
tube lined with epithelium, then sup- 
pose the branches to unite into a net- 
work, and a rough idea will be gained 
of the nature of a liver lobule. This 
accords, too, with the facts of develop- 
ment, for the liver is, to begin with, 
a simple pouch growing out of the duo- 
denum. As in the case of other organs, 
the liver is supported by a connective tissue framework 
traversed by blood-vessels, nerves, &c. 

The pancreas or sweetbread is a reddish yellow lobu- 
lated gland about 7 inches long and 1| inches average 
breadth, which can be seen running ‘across the back of 



Fif?. 49.~Cell8 of the 
Xiver (very much mag- 
nified), with channels (a) 
for the,^ile between. 
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the abdominal cavity when the stomach is lifted up (fig. 
48). The hecul, or broad right-hand end of the pancreas 
(It) occupies the loop of the duodenum, while its narrow 
left-hand end or tail touches the spleen (sp), a fiat, oval 
body, reddish in colour, and attached to the cardiac end 
of the stomach. The pancreatic duct, formed by union of 
smaller ducts from the various lobules, runs for the most 
part in the substance of the gland, and finally joins the 
hepatic duct (fig. 38). In structure the pancreas closely 
resembles a salivary gland. 


CHAPTER IV. 

DIGESTION AND ABSORPTION. 

The structure of the digestive organs and the natui^e 
of food having been treated in some detail, we nniv now 
consider what actually takes place in the alimentary 
canal during digestion. 

Digestion in the Mouth. — Here the food undergoes 
chewing or mastication, and is mixed with the saliva, 
w^hich not only softens, and thus makes it more easy to 
break down, but also exerts a very important chemical 
action. The sharp edges of the incisors divide the food, 
wdiile the irregular crowns of the grinding teeth w^ork 
against each other like millstones. During the chewing 
process both cheeks and tongue assist in mixing up the 
food and keeping it between the teeth. The lower jaw 
is so articulated that it can move in various ways, of 
which only the up and down movements need further 
consideration here. It is raised mainly by the action of 
two muscles, the temporal and masseter. The tem'Jioral 
muscle is somewhat fan-shaped, and takes origin from 
the surface of the temporal bone. It narrow^s b‘elow% 
runs down the inner side of the zygomatic arch, and is 
inserted into the coronoid process partly by means of a 
tendon and partly* directly. This muscle can be seen 
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and felt contracting in the temple every time the jaw is 
raised. The masseter is a squarish muscle arising from 
the zygomatic arch and inserted into the outer side of 
the ramus of the lower jaw, where its contractions can 
easily be detected by sight or touch. Part of this muscle 
can be seen in hg. 46. The lower jaw acts as a lever of 
the third class (p. 44) when it is being pulled up, the 
fulcrum being at the joint, the power being supplied by 
the muscles described, and the weight being that of the 
lower jaw together with the resistance to chewing pre- 
sented by the food. The downward movement of the 
lower jaw is partly the result of its own weight and 
partly due to muscular action, the most important muscle 
concerned being the digastric (Gk. dk, twice ; gaster, belly). 
This has an elongated form, and consists of a fleshy por- 
tion or belly at each end and a tendon in the middle. 
The posterior end of the muscle takes origin from the 
temporal bone not far from the occipital condyle, and 
the anterior end is inserted into the under side of the 
chin, while the tendon is fixed to the hyoid bone. 

Saliva, the secretion of which is greatly increased by 
the presence of food in the mouth, is a turbid, glairy, 
alkaline fluid which consists almost entirely of water, 
with only about ^ per cent of solid matter. By far its 
most important constituent is an organic substance known 
as ptyalin (Gr. ptualdn, spittle), which is present in only 
veiy minute quantity and possesses the remarkable 
power of converting starch into sugar — ^not the article of 
ordinary use, but a kind known as maltose, because pre- 
sent in malt. This may easily be proved by keeping a 
small quantity of starch paste in the mouth for a short 
time, when it will be found to acquire a sweet taste. The 
ch enseal process that goes on is a kind of fermentatiott : 
which name is applied to cases where certain complex 
bodies known as ferments, in this case ptyalin, bring about 
chemical change without being at the same time appre- 
ciably used up. Hence a small amount of feiment can 
go on acting for a very long time, which is a matter of 
great convenience in physiolo,gical wbrk. The action of 
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saliva can be studied outside the body, and two important 
facts established thereby: (1) starch is digested by it more 
rapidly at the temperature of the body than at a low'er 
one ; (2) boiled saliva has no effect on starch, the ptyalin 
being destroyed by a high temperature. Saliva has 
practically no action on proteids and fats, but some of the 
mineral salts dissolve in it, as does any sugar which may 
be present. It must be remembered that the object of 
digestion is to dissolve the food as far as possible ; hence 
the importance of the amylolytic (Gk. amtddn, starch; 
latikus, able to break up) ferment ptyalin, which converts 
practically insoluble starch into readily soluble sugar. 

Swallowing or Deglutition (L. deglutio, I swallow). 
This is the mechanical process by which food passes from 
the mouth through the pharynx and gullet to the stomach. 
It is much facilitated by the softening and moistening 
action exerted by the saliva. In swallowing, and the 
subsequent passage of the food through stomach and in- 
testines, the muscular coat is the active agent, especially 
the circular layer of fibres, which is better developed than 
the longitudinal layer. It is clear that contraction of the 
former will narrow the cavity of the alimentary canal, 
and this contraction takes place in a wave-like manner, 
so that the food is gradually squeezed onwards. This 
kind of movement is known as the peristaltic action (Gk. 
jy^ristiiltikds, clasping and compressing). The longitudinal 
layer does not contract at the same time as the circular 
layer, and its exact use is not clearly understood, but its 
contraction in any part of the digestive tube would 
undoubtedly shorten and broaden that part. After, 
therefore, a given region has been narrowed by the cir- 
cular layer it would probably be enlarged again by the 
longitudinal layer. * 

The first and voluntary part of swallowing carries the 
food back on the upper side of the tongue to the begin- 
ning of the pharynx, and now^ begins the second part of 
the process, over which the will has no control, and which 
consists in a gradual squeezing of the food downwards by 
peristaltic action. If must clearly be understood that .the 
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food does not (except, as a rule, in the case of liquids) 
simply fall down into the stomach, for swallowing can be 
effected when the body is placed head downwards, and 
grazing animals habitually swallow upwards. During 
the passage of the food through the pharynx it is impor- 
tant that none of it should get into the posterior nares or 
glottis. The former contingency is guarded against by 
the soft palate, which is pidled upwards and backwards 
so as to touch the back wall of the pharjmx, while food 
is prevented from passing down into the windpipe by the 
epiglottis, which is bent back so as to cover the glottis 
and form a bridge over Avhich the food can pass. These 
arrangements are sometimes upset ; — on the one hand, a 
sudden fit of coughing may force food up into the nasal 
cavities, on the other, an attempt to speak during eating 
may cause the epiglottis to spring up and fragments to 
pass into the glottis. The expression ‘ going the wrong 
way ’ is familiarly applied to the latter phenomenon. 

IDigestion in the Stomach. — The movements pro- 
duced by the muscular layers are here much more com- 
plicated. To begin with, the food undergoes a gentle 
‘churning’ movement until it is reduced to a greyish 
pulp, the chyme (Gr. chumoSy pulp). As digestion pro- 
ceeds peristaltic movements proper take place in the 
pyloric end of the stomach, by which successive portions 
of chyme are squeezed into the duodenum, the pyloric 
sphincter relaxing so as to allow of this. Nothing but 
pulpy material, however, is allowed to pass on, for the 
contact of large fragments causes the sphincter to contract 
again. The presence of food in the stomach leads to a 
flow of blood to the mucous membrane and to the secre- 
tion of considerable quantities of gastric juice. This is 
a cl^ar acid fluid containing a very small percentage of 
dissolved solids. The acidity is due to the presence of 
per cent of hydrochloric acid (HCl), and the most im- 
portant of the dissolved solids are two ferments, pepsin 
and rennin. The acid is believed to be secreted by the 
parietal cells of the gastric glands and the ferments by 
the central cells (p. 66). Pepsin (Gk. p^pto, I digest) 
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possesses the important property of being able to convert 
proteids into a soluble form termed peptone. Rennin is 
a milk-curdling ferment, that is to say, it converts the 
proteid substance casein (L. caseus, cheese), which is dis- 
solved in milk, into a solid form, this ‘ curd ’ being then 
digested by the pepsin. Gastric juice is only of import- 
ance in so far as it digests proteids in virtue of its pepsin, 
which, from the nature of its action, is termed proteol3rtic 
ferment {proteid, Gk. hifikds, able to break up). The 
ptyalin carried down into the stomach being only able to 
woik in an alkaline solution, first of all ceases to act on 
starch, and is then destroyed by the acid of the gastric 
juice. 

Digestion in the Intestine. — The acid chyme, 
coming over into the intestine from the stomach, is 
gradually moved on by peristaltic action, and is subject 
to the action of bile, pancreatic juice, and intestinal 
juice. Digestion is practically completed by the time 
the end of the small intestine is reached. 

Bile or GaU is an alkaline fluid of golden red colour, 
and consisting of 86 per cent of water, with 14 per cent 
of other constituents, of which certain complex organic 
compounds known as bile-salts make up the greater 
part. Digestion is aided in several ways by this secre- 
tion. It neutralizes and so stops the action of the gastric 
juice which comes with the chyme into the intestine, 
and in this way assists the pancreatic juice. On starch 
and proteids bile has no action, but it helps to emulsify 
fats and oils, i.e. to break them down into very small 
globules. Besides this, it has an antiseptic action, pre- 
venting the contents of the intestine from becoming 
putrid. 

Pancreatic juice is a much more important secretion. 
It is a clear alkaline fluid containing about per cent 
of dissolved solids, including three different ferments, 
which act respectively on starch, proteids, and fats. The 
first of the ferments, amylopsin (Gk. amuUn, starch; 

juice), acts in the same way as ptyalin, while the 
second, tr^sin (Gk. thrupsis, dissolving), behaves like 
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pepsin, except that it is much more powerful, and can 
only act in an alkaline solution. The remaining ferment, 
steapsin, causes part of the fats to break down into 
soluble substances. Besides this, pancreatic juice in 
conjunction with bile converts a good deal of the fat 
into an emulsion known as chyle (Gk. chidOSy juice). 
This is a milky fluid in which innumerable minute 
globules of fat are suspended. It may be noted here 
that milk itself is a kind of natural emulsion. 

Intestinal juice has a feeble digestive action, but 
comparatively little is definitely known about it. 

ABSORPTION OF DIGESTED FOOD 

The digestion of the food is followed b}" its absorption 
into the blood-vessels and certain other tubes, lacteals, 

which ramify in the mucous 
membrane. 

In the case of the parts of 
the food which are reduced 
to solution, the process is 
one of diffusdon (L. diffusus, 
spread out), a term used to 
signify the mixing which 
takes place when two liquids 
or two gases are in dii-ect 
contact with one another, or 
else are separated by a por- 
ous partition or a moist mem- 
brane. Fig. 50 represents 
a simple piece of apparatus, 
called a dialyser (Gk. dia, 
through; lusis^ setting free), 
by which diffusion of the 
last kind can be demonstrated. A piece of bladder or 
vegetable parchment is tied on to a thistle funnel, which 
is then partly filled with a mixture of treacle and water, 
and immersed in a vessel of water, so that the levels of 
the inside and outside fluids are the same. After a short 
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time, the treacle will rise in the stalk of the fnnnel (fig. 
50), and the outside water will acquire a sweet taste. 
There has in fact been a passage or diffusion through 
the membrane in both directions, but more water has 
passed in than treacle out. Underneath the epithelium 
of stomach and intestine there is a close network of very 
minute blood-vessels (capillaries), which may be com- 
pared to the funnel in fig. 50, while the blood in them 
corresponds to the 
treacle. The delicate 
w^alls of these vessels, 
plus the epithelium, an- 
swer to the moist mem- 
brane, while the dis- 
solved contents of the 
digestive tube are equi- 
valent to the water in 
the outer vessel. The 
importance of converting 
insoluble non -diffusible 
starch and proteid into 
soluble, diffusible sugar 
and peptone will now be 
realized Absorption of 
digested food begins in the stomach and ends in the 
large intestine, but is mainly carried on in the small 
intestine. This part of the digestive tube offers an enor- 
mous absorptive surface, as a result of its great length 
and the presence of innumerable villi. Two villi are 
drawn diagrammatically in fig. 51, and in the one on 
the right the network of blood-vessels is shown. 

The emulsified fats do not diffuse in the proper sense 
of the word, but the minute globules, of which they, are 
composed, make their way, how is not fully known, 
into minute branched tubes, one of which is contained 
in eiich villus (fig. 51, a). These tubes are known as the 
lacteal rootlets, because they are the beginnings, as it 
were, of the lacteals, tubes distinct from the blood-vessels, 
whiwh ramify in th^ mucous membrane and mesentery 


A B 



Pig. 51 —Villi greatly magnified. 

A, Showing lacteal; b, showing ai'tery, capil- 
laries, and A ein 
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(cp. chap. V.). The name lacteal (L. lac^ milk) is gi^ en 
because, after a meal into which fat largely enters, they 
have been seen to contain a milky fluid, chyle. This 
chiefly consists of the digested fats. 

Different Varieties of Diet. — It has been calcu- 
lated that an adnlt man of average weight requires 300 
grains of nitrogen and 4500 grains of carbon in every 
day’s food. The other necessary elements can be for 
the present left out of consideration. There are three 
chief ways of getting the quantities required: (1) ])y a 
pure proteid diet, (2) by a vegetable diet, (3) by a 
mixed diet. 

(1) Proteid Diet. — Supposing a man tries to live on 
nothing but fairly lean cooked meat. This contains 
about 22 per cent proteid matter and 7 per cent fat. 
About half of the former is carbon and 4^-^ nitrogen. 
The fat contains 80 per cent carbon. > Working this out, 
a pound (7000 grains) of cooked meat contains 1162 
grains of carbon and 231 grains of nitrogen. To get the 
requisite 4500 grains of carbon, it would therefore be 
necessary to eat about 3 lbs. 4 oz. of the meat. This, 
however, would contain 1126 grains of nitrogen, i.c. 81; 5 
more than are required. The digestion and excretion 
of this unnecessary nitrogen would throw a large amount 
of useless work on the organs concerned. 

Percentage Composition of Various Food-stuffs. 



W ater. 

Nitrogenous. 

Starch. 

Sugar. 

Fat. 

Salts. 

Bread, 

37 

8*1 

47*4 

3-6 

1*6 

2*3 

Wheat-flour, 

15 

10-8 

66*3 

4-2 

2*0 

1*7 

Oatmeal, 

15 

126 

58-4 

5*4 

5*6 

3 0 

Potatoes, 

75 

2*1 

18-8 

3*2 

0'2 

0*7 

Rice, 

13 

6*3 

79-1 

0-4 

0'7 

0*5 

Peas, 

15 

23-0 

55*4 

1 2*0 

2*1 

2*5 

Cow’s milk, 

86 

41 


' 5-2 

3-9 

0*8 

Cheese, 

36-8 

33-5 



1 24*3 

5*4 

Fairly lean 
cooked meat,... 

66 

22*0 



7*0 

1 5*0 
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14*0 

... 


! 10*5 

1 1*5 
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(2) In considering the possibilities of a vegetable diet, 
oatmeal porridge (without milk) may be taken as an 
example, for it contains a good deal of proteid matter, 
and this is the only source from which the requisite 
nitrogen can be obtained. The following are the data 
necessary for the calculation: 

Oatmeal contains 12 per cent of proteids, 63 per cent 
of carbohydrates, and 5 per cent of fat. Proteids con- 
tain 50 per cent C and 15 per cent N; carbohydrates 
contain 40 per cent C, and fats 80 per cent C. A pound 
(7000 grains) of dry oatmeal will therefore yield 2464 
grains C, but only 126 grains N. To get the 300 grains 
of N it would therefore be necessary to make 2f lbs. 
of dry oatmeal into porridge for the day’s food. This 
would give, in round numbers, 1500 grains of carbon 
too much. A similar objection to the one given under 
(1) would therefore apply here also. 

Oatmeal, however, is a very favourable example of 
vegetable food. If potatoes were taken, 13^ lbs. would 
be required daily to make up the necessary quantity of 
nitrogen. 

(3) A mixed diet obviates the disadvantage men- 
tioned above, enabling the necessary amount of carbon 
and nitrogen to be gained without excess of either. For 
example, 2 lbs. of bread, together with f lb. of cooked meat, 
would be a sufficient daily ration, and contain no excess 
of either carbon or nitrogen. Besides this, a mixed diet 
is found to be more digestible, more appetizing, and 
more economical. 

Average Mixed Diet. — ^The average amount required 
daily by an adult has been estimated as follows : — 


In dry state. 


oz. avoirdupois. 

Proteids, =46 oz. of food in tht^ ordi- 

Fat, 3 I nary moist condition 

Carbohydrates, ...1 4 J y -f 

.Salts, 1 1 2^ pints of water taken as 

Water, 3| pints. 1 liquid. 


It must be remembered that the majority of the 
articles used as foot! are themselves of mixed nature. 
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Salts, for example, are contained in meat, bread, 
vegetables, and most drinking water, so that it will only 
be necessary in the case of a rational mixed diet to 
supplement this amount by using ordinary table salt. 
This will be clearly apprehended from the table on 
p. 78. 


CHAPTER V. 

CIRCULATORY ORGANS AND CIRCULATION. 

The Circulatory Organs, Avhich have already been 
briefly referred to (p. 15), consist of the Blood System 
and the Lymph System, named respectively from the 
liquids they contain. 

^he Blood System is a closed set of tubes through 
which the blood circulates, and these tubes are sul)- 
di^nded into (1) the heart, acting as a force pump, (2) 
arteries, vessels in which the blood is going from the 
heart, (3) veins, vessels in which the blood is going io 
or towards the heart, and (4) capillaries, excessively 
minute vessels forming netwwks between the smallest 
branches of the arteries and veins. It is of the greatest 
importance to notice that the arteries and veins, having 
comparatively thick walls, are of use only as carriers of 
blood, for no diflusion can take place through them walls. 
It is far otherwise with the capillaries, the walls of which 
are exceedingly thin, so that diffusion can take place 
through them in both directions. Thus, as previously 
explained, most of the products of digestion diffuse into 
the capillaries underlying the epithelium of the stomach 
and intestines. Similarly, as will be shown in the sequel, 
oxygen gas diffuses into the capillaries of the lungs. 
Again, in the various tissues of the body, the muscles, for 
example, products of waste diffuse into these minute 
tubes. On the other hand, we get diffusion out of the 
capillaries (1) of nutritive substances to the various tis- 
sues for use in their repair and growth, or in the pre- 
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paration of secretions, (2) of waste products to the ex- 
cretory organs. 

The Lymph System contains a clear fluid, the l3rmph, 
which fills the large cavities of the body, e.g. the body 
cavity, and also the minute chinks and spaces which 
occur in all the tissues. It consequently bathes these 
tissues and acts as a medium between them and the 
blood contained in the capillaries, for it must be remem- 
bered that the tissues are outside the capillaries. Imagine 
a fine-grained piece of wet sponge and imbedded in it 
a number of small paxchment- walled tubes containing 
liquid. The sponge will roughly represent a piece of 
tissue, the water permeating it lymph, the tubes capil- 
laries, and the liquid contained in them blood. Diffusion 
can take place through the walls of the tubes in both 
directions, just as is the case with capillaries. Lymph, 
however, is not entirely contained in irregular spaces, 
but also in narrow tubes, the lymphatics, which drain 
these spaces. The lacteals already mentioned (p. 77) 
are examples of these tubes. The lymphatics ultimately 
open into the l)lood-system. 

THE BLOOD SYSTEM. 

The blood, which constitutes about yV of the total body 
weight, consists of an alkaline fluid, the plasma (Gk. for 
anything formed), and of a vast number of microscopic 
bodies, the blood corpuscles, suspended in it. These 
coT’puscles are of two kinds, red, to which the colour of 
the blood is due, and colourless or white. A magnified 
drop of blocyd is represented in fig. 52. The red cor- 
puscles are there seen to be circular discs rather thinner 
in the middle which causes them to appear dark there 
when viewed flatways. In shed blood they are apt to 
stick together like piles of coin. One of these corpuscles 
is only broad, i.e, 3200 of them placed 

side by side would only extend an inch. The greatest 
thickness is about a quarter the breadth. There are 
about 1 2 lbs. of biodd in an average l^ody, and this quan- 

(M 26) F 
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tity will contain some thirty billion red corpuscles. If 
these were placed side by side with their edges touching, 
they would extend, in round numbers, 150,000 miles, 
or, in other words, six times round the earth. A reel 
corpuscle appears yellowish under the microscope, as 
does a thin layer of blood to the naked eye, the familiar 


Fig. 52.— A Drop of Blood, seen under a Microscope magnifying 360 diameters. 
u. Red corpuscle seen edgeways; &, do. seen flatways; c, white corpuscle. 



red colour being due to the passage of light through a 
large number of corpuscles. A distinction is drawn be- 
tween the framework or stroma (Gk. for anything spread 
out) of the corpuscle and the substance haemoglobin 
(Gk, Jmima^ blood; globin, a kind of proteid) which per- 
meates the stroma, and is the cause of the red colour. 
Both components are of proteid nature. Haemoglobin is 
of very great importance, since it acts as an oxygen- 
carrier. 

The colourless or white corpuscles, often termed leu- 
coc3rtes (Gk. leuhds, clear; kutis, smadl box), are rather 
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larger than the red corpuscles, being on an average 
of an inch in diameter. They are also less numerous 
than the red, in the proportion of 1 to 350. In shed 
blood, allowed to cool below the temperature of the body, 
they appear as irregular spheres, but when in the body, 
or even out of it if kept warm, they exhibit a constant 
change of shape, and are able to creep along by thrusting 
out blunt prolongations (fig. 53). Leucocytes consist of 
protoplasm, and con- 
tain a nucleus (cp. 
p. 64), not shown, ^ 

however, in the accom- 
pii^ingfigures. 

Blood plasma has ^ (f , { 

a very variable com- 0 H fj 

position, as will readily ' 


be understood from 
what has already been 


Fig. 53.— White Blood Corpuscle. Its successive 
changes of shape. 


said (p. 80). It contains nutritive substances derived 


from the digested food, and waste products derived from 
the tissues. The latter will be discussed elsewhere. 


One of the most remarkable powers possessed by blood 
is that of clotting or coagulation, which is a matter of 
the greatest practical importance in stopping the bleeding 
from cuts, &c. If some human blood is shed from the 
body into a cup or other suitable vessel, it is to begin with 
quite fluid, but in two or three minutes becomes viscid, 
and from five to ten minutes later sets into a jelly. A 
few minutes subsequent to this drops of a pale yellowish 
fluid begin to exude from the jelly, and this process con- 
tinues until in from one to several hours, the blood has 
completely coagulated, and consists of a red clot floating 
in a pale yellow fluid, the serum (L. for whey). Exami- 
nation of a small portion of the clot under the micro- 
scope shows that it consist': of innumerable delicate fibres 
interlacing in all directions and binding the corpuscles 
into a firm mass. These fibres consist of a proteid which, 
from the manner of its occurrence, is termed fibrin, and 
which is not presenli in uncoagulated blood. The follow- 
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ing table shows the relation between the two kinds of 
blood 


Ordinary 

Blood. 


plasma 1 Coagulated 

loorio 1 clot ( Blood. 

corpuscles / J 


Formation of Fibrin.— This question is by no 
means fully understood, but fibrin appears to arise as a 
result of ferment action (p. 72) exerted by a proteid 
known as fibrin ferment on another proteid fibrinogen 
(fibrin; Gk. I produce) present in the plasma. 

The leucocytes play some part in the matter, probal)ly 
having to do with the formation of fibrin ferment. When 
blood coagulates fibrin is produced from fibrinogen by 
the action of the fibrin ferment. Its fibres then shrink, 
s(pieezing out the serum, but entangling the corpuscles. 
If fresh drawn blood is ‘whipjied’ with a feather or 
bundle of twigs, the formation of fibrin will be hastened, 
and it will adhere to the twigs as formed, the ‘ whipped 
1)lood’ left behind consisting of corpuscles + serum. 

Coagulation is hastened or retarded by various con- 
ditions, of which the most important are the following : — 

Hastened by Eetarded by 

1. Contact with foreign bodies, 1. Contact with living walls of 

c,g. when whipped with twigs. vessels. This prevents it 

2. Heating to 102® — 131® F. altogether. 

2. Cooling to freezing point or 

heating to 133° F. 

3. Addition of various sub- 

stances, e.g. common salt. 


The Heart is a hollow muscle, bluntly conical in shape, 
and situated in the thorax between the lungs with its apex 
directed downwards and to the left (fig. 54). The lower 
end of the heart rests on the upper side of the diaphragm, 
and it is mainly kept in position by the large blood- 
vessels which enter or leave its broad upper end or base. 
The weight of the heart is about 9 or 10 oz., and its size 
roughly equivalent to the fist of the individual It is 
contained in a membranous bag, the pericardium (Gk. 
pM,. round ; hardiai heart), the wall (jf which consists of 
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an inner layer closely investing the heart and a much 
firmer outer layer. Between the two is a pericardial 
space filled with clear lymph known as the pericardial 
fluid. 

‘‘ A good idea of the pericardium will be obtained if 



Fig. 64 .— Tho Heart with Its Blood-ressels and the Lungs. 

A, The lungs pulled a.side in front to show the heart, «, and the bronchi, g, o; o, the 
aorta ; n, the pulmonary artery ; k, the superior vena cava, formed by the junction 
of the veins (subclavian) from the right and left sides, k., k; f, the windpipe; 

1, r, veins from the head and neck (jugular) joining k, k; h, h, arteries (carotid) to 
head and neck ; j, j, arteries (subclavian) passing to right and left sides ; pfr, ribs; 
a, left coronary artery ; it, right auricle. 

one takes two thin paper bags, of which one is slightly 
smaller than the other, so that one may be contained 
within the other, both being fully distended. Now 
slightly fold ^ack the edge of the mouth of the inner 
bag and gum it all round to the edge of the mouth of 
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the outer one. There is now made a double bag with 
an inner and an outer layer, and a small space between 
them, completely shut off from the outside. Suppose 
the closed fist to be just large enough to fill the inner 
bag, it will represent the heart, to which the inner layer 
of the pericardium is adherent. The wrist will repre- 
sent the great vessels passing off from the heart, around 
which the neck of the double bag extends.” — JlPGregor- 
liohertson. 

The heart does not contain one continuous cavity, but 
four chambers — right and left auricles, and right and 

left ventricles. The relative 
position of these is indicated 
by the accompanying dia- 
gram (fig. 55), which shows 
that the heart is divided 
into (1) right and left 
halves by a longitudinal par- 
tition, and (2) basal and 
apical halves by a transverse 
partition. Four chambers are 
thus constituted; but while 
the longitudinal partition 
is quite complete, so that 
there is no direct communication 
between right and left halves, the transverse partition has 
a hole (auriculo- ventricular opening) in it on each side, 
so that the right and left auricles respectively communi- 
cate with the right and left ventricles, as indicated by 
the arrows. The wall of the heart is chiefly made up 
of bundles of muscular fibres arranged in a very complex 
manner, but chiefly taking an oblique direction. When 
they Contract the contained cavities are diminished in 
size (cf. p. 73) and the blood squeezed out of them. The 
walls of the different chambers are not of the same thick- 
ness (figs. 55 and 60), but are proportionate to the work 
that has to be done in each case. The axiricles, which 
occupy the base of the- heart, are so n^med (L. auricula, 
little car) because to each of them a little flap is attached 


Base 
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(fig. 57) which has been compared to a dog’s ear. Their 
walls are comparatively thin, and collapse when the heart 
is taken out of the body, unless special precautions are 
taken to prevent it. The function of the auricles is to 
receive blood from certain veins and squeeze it into the 
corresponding ventricles. Their walls are thin because 
this work is comparatively light. The ventricles (L. ve7v- 
triculus, little belly) receive blood from the auricles and 
pump it out of the heart into certain arteries. This being 
severer work than that done by the auricles, their walls 
are thicker; and since the left ventricle has the harder 
work to do, its walls are thicker than those of the right 
ventricle (figs. 55 and 60). 

These preliminaries being understood, further details 
will now be given, it being also remembered that veins 
carry blood to the heart, and arteries carry blood f rom it. 
Besides this the terms pure and impure blood require 
explanation. Impure blood is that coming from the 
body at large, to the tissues of which it has given up 
much of its oxygen, while in return it has received from 
them carl)on dioxide (COg), as well as other waste pro- 
ducts which need not be considered in this connection. 
Pure blood is that w^hich comes from the lungs, where it 
has got rid of its excess of CO 2 and absorbed its full 
amount of oxygen. Impure blood is bluish violet, pure 
blood bright scarlet in colour. In popular language the 
terms vetims and arterial are often used instead of impure 
and pure, veins and arteries being defined in a corre- 
sponding way as vessels containing impure and pure 
blood respectively. This in the main accords with the 
facts of human physiology; but as some veins contain 
pure blood and some arteries impure blood, it is best to 
drop the terms venous and arterial altogether, and to 
define veins and arteries with reference to the direction 
of blood-flow in them. If this is not done the beginner 
is sure to be confused more or less. In figs, A-D the 
parts containing impure blood are coloured purple, and 
those containijpig piire blood are coloured red. It will 
be seen at a glance that the right side of the heart* com 
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tains nothing but impure and the left side nothing but 
pure blood. 

External CharactfWS tlj^ Heart (hg. b). At 
the base are seen the large veins which enter the auii 
cles and the large arteries which leave the ventricles. 

(1) Veins. Two large veins, the superior and inferior 

vena cava (L. for upper and lower empty veins), return 
the impure blood of the body to the right auricle, and 
four much smaller pulmonary veins (L. lung) 

return pure blood from the lungs into the left auricle. 

(2) Arteries. The large pulmonary artery opens our of 
the right ventricle and carries its impure blood to the 
lungs, while the pure blood from the left ventricle is 
carried off by the aorta (Gk. aeiro^ I carry), which is the 
largest artery in the body. A groove marks off‘ the 
auricles from the ventricles, and the lioimdary lietvccn 
right and left ventricles is also indicated by a groove. 
The front or ventral side of the heart, shown in ffg. r)7, 
can be distinguished by the fact that the aorta and ])ui- 
monary artery begin there, while the inferior cava and 
pulmonary veins open into the dorsal side or back. The 
easiest way of distinguishing right and left is to notice 
that the walls of the right 'ventricle are comparatively 
soft, while the left ventricle extends into the extreme 
apex of the heart (compare figs. B and 60) and the aorta 
curves round to the left (fig, b). 

Interior of the Heart (figs, o, d, and 60).— When 
the right auricle is cut open two large and one smaller 
openings Into it and one large opening out of it can be 
distinguished. The two large openings into it are those 
of the superior and inferior vena cava, the latter l^ung 
guarded (see fig, d) by a crescentic flap, the Eustadliau 
vi^o. Just b^elow this is the smaller opening (not 
shown in the figure), that of the coronary sinus, which 
is guarded by a membranous fold, the Thebesian valve. 
The large opening out of the auricle is the right aum- 
culo - ventricular opening, leading into the right vem 
tricle. ^ 

There are two openings in the wall of the right VM- 
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tricle, the mie just mentioned as opening into it, and 
the o])ening of the pulmonary arteiy out of it. Both 
are gnardefl l)y valves which secure the flow of 1>lood in 
/)no direction only. That lielonging to the auriculo- 
ventricuiar opening is termed the tricuspid valve (L. 
//rs, three; 

])oint) because; it 
ctjiisists of thi'ee 
hi'in membranous 
fla[)s, triangular ^ 

in shape, which ^ 

ar(; attached to 
the fibrous maj- 
gin of the orifice 
and project into j, 
tin; ventricle. 

\\ hen the ven 
tricle contracts, 
these haps (pre- 
viously hoated up 
by the blood) are 
driven towards 
one anotlnn', so as 
to prevent the 
}>loo(l from flow- 
ing back into the 
auricle. The flaps * »• '' ' t V’ 

1 left aunck'M; K, ji. ■.'! .. lini i . 'nitral \ ah e- , iml- 

would, however, monary artei-v, ii. aoita; i, oriti> e (,f inferior \ eua, 

’ eava; K, >ui»t',rior lena . ■ es of imlnioiiaiy 

]>e forced back lem^; m, ton.unation . i- . ■ . . i..-' sei.tam ; e, jai- 

. . Itillary muscle 

jiito the auricle 

l)y the pressure of the blood if there were not a furtln;r 
arrangement to prevent it. The inner wall of the ven- 
ti'iele presimts a number of heshy projt‘ctions., (tlu; 

colunmae cariie8B = L. for fleshy columns), some of which, 
the papillary muscles, are conical or cylindrical in shape 
and stick out into the cavity of the ventricle. Numerous 
exceedingly tough fibrous cords (chordae teudinesB = L. 
for tendinous ^cords), resembling tendons in nature, run 
from the papfllary muscles to the flaps of the valvQ and 
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prevent them fi*om being dri-'vtfh into llie onrirlfv The 
action of the papillary muscl es is not fully u]ai(‘r.U«Ki(l,. 
but they pro])ably contraci before the re nt of ven» 
tricuhir wall and commence thc^ closiu't' of the ^'alvc- bv 
drawing the Haps together. 

The semilunar valves at the origin of the jjulmonary 
artery allow the blood to flow out of the ventricle, 1)ut 
prevent its return. They are three little firm mem- 
1)ranous ])ou('.hes (best seen in fig. 60), often called 
‘watch-pocket’ valves, because they resemble in shape- 
the watch-pockets often seen fastened up in iK'd-rooms 
for holding a watch at night. The cavities of these 
])ouches are turned towards the cavity of the artery. 
When blood passes out of the ventricle they collapse and 
offer no resistance,, but when blood tries to force its Avay 
Ixtck into the ventricle they arc bulged out so as to meet- 
one anothoi' and stop the passage. But three curved 
pouches like these would still leave a minute aperture in 
the middle, if it wei‘e not for three little thiokenings, 
one of which is situated on the edge of each pouch, just 
at its centre. 

Within the left auricle will be noted the four small 
openings of the pulinonaiy veins into the cavity, and 
leaxiing out of it the left auriculo-ventricular opening, 
which is rather smaller than the right. The interior of 
the left ventricle resembles in many respects that of the 
right ventricle, there being one aperture into and one out 
of it, ])ut the left auriculo-ventricular valve is guarded by 
two flaps only, hence the name bicuspid, or else mitral 
valve, from a fancied resemblance to a bisho])’s mitre. 
The origin of the aorta is guarded by three semilunar 
or watch-pocket valves similar to those already descril^ed. 
These and the mitral valve act in the same way as the 
corresponding structures on the right side of the heart. 

The action of the heart involves a regularly recurring 
series of events which together make up what is termed 
a cardiac revolution or cycle, or ‘beat’, occupying in 
an avenige adult | of a second, i.e. the heart beating 75 
times a minute. First of all the short auricular systole 
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((4k. snsfrlld, I conti-a,ct) rj^ocun, tbo two auricles contract 
iug together and s([ueezing their ]>1ockI into the ventricles, 
then follows the longer ventricular systole, during which 
the ventricles ])iiinp l)l(jod into the puinionarv artery and 
aorta — aiid, lastly, comes a st ill longer pause. hile 

the auricles are contracting, and dining the piuse, the 
A'cnt rides are relaxing, and similarly the auricles are re- 
laxing while the ventricles are contracting, and dining 
the ])ause. Thci term diastole (dk. dl, a])art; s/d/y I 
place) is Jipjiliial to this relaxation. The relation in time 
of these events for an aAxnaige cardiac cycle may con- 
veniejiitly oe exjiressed l)y the following diagram, wliei'e 
the eight divisions of the line are equivalent to tenths of 
a second. (A.S. = auricular systole.) 

^ CAR I)I A C 0 VOLE >, 

i A.S. I 

I — — s ^'ontriclllar Syst'.*le <- - - - pause 


\'eutricular Dias-tolo — — Auricular . Diastole — 

— ■ ' ^ — A’eiitricular Diastole 

Thus dining the first tenth of a second the ventiicles 
are tiiiisliing np a relaxation commeneed in the jirevious 
cycle (indicated by dotted line to left), then they con- 
tract for yt, of ‘x second, and then begin a ])eriod of re- 
laxation which ends dining the next eycle (as indicated 
hy the dotted line to right). It further a])])ears that the 
auricles rest for y their time and the ventricles for f It 
must not he supposed that blood enters the ventricles 
Old// during the auriculai- systole: it flows into them 
during the pause as well. In othei* words, blood is 
passing fi'om auricles into ventricles, except during the 
ventricular systole, at which time the tricuspid ami 
mitral valves are closed. The semilunar valves are onlj^ 
open during the last two-thirds of the ventricular systole. 

The contraction of the heart, and more particularly of 
the ventricles, causes it to he jerked upwards and for- 
wards so that during the ventricular systole its apex is 
projected against the wall of the chest, between the fiftji 
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Mild sixth ri])s on the lef^ side. This phenoTricnon is 
known MS the cardiac impulse, or ‘l»eating’ of the heart. 
Besides tliis, the eontraetion of the heart is aecoiupanied 
])V sounds, Avhieh can he heard through a stethoseo])(‘ 
a}»plied to the ehest. There is ( 1 ) a long dull sound, heard 
during the contraction of the venti'icles, and (2) after a 
brief pause a short sharp sound, iminediatelv following 
their contraction. Muscles givi* out sounds when con- 
tracting, and the first vsound is proliahly in jiart such a 
‘niiiscular sound', due to contraction of tlie nails of th(‘ 
ventricles. It may, however, ]>e partly due to vihiation of 
the Haps of the tricuspid and miti'al valves. The second 
sound is undoubtedly due to the chjsure of the semilnnai- 
valves. 

Work of the Heart. It is usual to estimate n*nk 
in foot-pounds, a foot-pound )>e)ng the woi‘k doiit' in 
raising a })ound through the distama; id a, foot. Measured 
in this way an average heart, during twenty-four hours, 
<loes an amount of woi‘k e<[Ual to that re(jui]‘ed to raise 
an averag(i adult (w(.‘ighijig lot Ihs.) to a. lun'ght of I oj 
a mile— oc. about 2()S,H00 foot-pounds. Three-(piart(*i> 
of this work is done hy the left veiiti'icle. 

BLiJOD-VESSELS AND COUKSE OF THE OIUOULATION. 

It will already have lieen realized from the last f(‘W 
pages tliat the lieai't is so constructed as to allow the 
blood to How ill one direction only. When the auricle's 
contract the blood does not How luick into the veins 
but into tlie ventricles, because this is the easiei* courses 
M'heii the ventricles contract the tricuspid and mitral 
valves close? so that the blood cannot How liack inte) tlie 
a^i‘i<*les, and is thei’cfore forced into the ])ulme)nary 
artery and aorta. It is ])r(?vented liy the semilunar 
valy^is from j‘e turning to the ventricles. 

\Xourse of the Circulation (fig. 56). — It will now 
be ooiiveiiient to trace the course of the blood when it 
leaves the heart. The impure blood received by the 
Tight ventricle from the right auricle is pumped into the 
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pulmonary artery, which (livi<h^s into two hrauchos, one 
for ea(*li lung. These hraiiclies dividi* repeatedly into 
sinalier and smaller ai’teries, which at last open into the 
network of capillaries hy whicli the hniys are permeated. 
Ill these cajhliaries tln^ blood is jmritied, and then floAvs 
into minute A'eins Avhich unite into larger and larger 
trunks till at last th(‘ four pulmonary veins are reached, 
which (i])eTi into the left auricle. That part of the circu- 
lation, so far described, is often krioAvn as the lesser, or 
pulmonary circulation. 

The pure Idood enteringthe left auricle passes on into 
the left ventricle and thence into the aorta, Avhich con- 
v(\vs it to all jiauts of the body (‘xce])t the lungs. Tlie 
curved beginning of the aorta (arcJi (^f the aortu) gives off 
branches to the heart itself {roronury to the. neck 

and head {rumthl arferie^)^ and to tin*, upper limbs (sa/;- 
r/ ivian urierie>^) (fig. oi). The ivst of it, knoAvn from its 
])osition as ihi\ noriti, lams just in front of the liack- 

bfine through thorax and abdoimm, giving off numerous 
bra’nches in its coui’si*. In the lowei* part of the a])domen 
th(‘ a,orta divides into two d/nc^o7c/7cs for the lower limbs 
(fig. 71). All the branches of the aorta divide and re- 
divide into smaller and smallei* arteries till capillaries 
are reached. Jii these ca])illari(^s the blood becomes im- 
])ure and then passes into minute A'eins, Avhich, by their 
I'cpeated union, originate trunks of largei’ and larger size. 
Finally the blood entei’s the vein.-. Avhich open into the 
right auricle. These ai*e (1) the coronary sinus, formed 
by the union of branclu's fi'om the Avail of the heart 
itself, (2) the superior vena cava, formed by union of 
veins from the head, maT, and upper limbs, and (3) the 
inferior vena cava, made u[) of tributary A'cins fi’om the 
trunk and lower limbs. The last A^ein is the largest ^in 
the body. In the abdomen it runs along the light side 
of the aorta, l)ut in the thorax it is situated a little dis- 
tance in front of it. That part of the l)iood sy.stem just 
described is often termed the greater or* systemic circu- 
lation. Tavo sul)o;dinatc parts of it reipiire furtlun* notice, 
he. those constituting* the coronary and portal systems^ 



94 


ELEMENTARY PHYSIOLOGY. 


Coronary System. — The large amount of work done 
hy the heart renders it specially necessary that arrange- 
ments should be made for supplying it with pure and 
nourishing blood, and for caiiying away its waste pro- 
ducts. The heart is not able, as might be supposed, to 
absorb the necessary amount of nutritious material and 
oxygen from the blood contained within it, n<»r can all 
its Avaste products make their way into that blood. 

Two coronary arteries, coming oli' from the A ery be- 
ginning of the aorta, branch u]) in the Avails of the heact 
and supply them Avith l)lood, while their Avaste pioducts 
are carried off l)y coronary veins, the most im])ortant 
of which unite to form tSe^orotfary sinus. The shorte>t 
course by Avhich any portion of blood can pass from tin' 
left to the right side of the heart is by means of the 
coronary vessels, (These A essels are seen branching on 
surface of heart in fig. 57 .) 

Portal System. — The veins Avhich carry away the 
blood from the stomach, intestines, ])ancreas, and sph'en 
unite together into a laige trunk kuoAvn as tlie portal 
vein. This, instead of opening into a still larger Aau’n, 
runs to the liver and lireaks up into smaller \ eins Avhich 
di\ ide repeatedly in the tissues of that oigan, ultimately 
communicating Avith its capillaries. Frrmi these capil- 
hirics small Axu'ns again begin, and by their union give 
rise to tAvo or three large hepatic veins, A\'hich open into 
the inferior \emi cava. The longest course by which a 
portion of blood can pass from the left to the right side 
of the heart is through the portal system. The liver is 
not only supplied Avith impure lilood by means of the 
portal vein, })Ut also with pure blood by means of the 
hepatic artery, AA^hich comes oft* fiom a branch of the 
aorta. The question naturally arises — Avhy should the 
blood from the digestive organs go through the liver ? 
In answering this (piestion it must be remembered that 
this blood contains all the products of digestion except 
the digested fat, and it appears that the liver takes up 
and stores the digested carbohydrates for the use of the 
body, dealing them out again as revpiired. 
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Structure of Blood-vessels. — Arteries nnd veins 
have been so far regar(l(*.d as*v( .'.sels carrying ])lood from 
and to the heart res])eetively, the portal \ ein 1)eing an 
exception in so far tluit it breaks up again into small 
veins in the substance of the liver, (hpillaries have 
been dehned as exceedingly small vessels intervening 
between the smallest arteries and the smallest veins. 


The structural difi(;rences between these three kinds of 
blood-vessel may now be con- 



P14 61 .— The Structure of OtU'illaries. 


Fig. 6:2.— Structure of ;ui 
Alt cry. 


it is con vtm lent to consider first, make up networks 
(cp. fig. 51) with meshes of yarious sizes aud shapes in 
all parts of the body except the epidermis (including 
hair aiid nails) epithelium, teeth, and cartilage. The 
name capillary (L. C((piUus, hair) is rather an unfortunate 
one, as these vessels are very much smaller than hairs, 
being not more than from -loVo 

diameter. The smallest therefore wiil only alh)W the 
red corpuscles to sfpieeze through them in single file. 
The exceedingly thin walls of capillaries are made up of 
simple squamous epithelium, Le. a single layer of flat- 
tened epithelial cells (fig. 61). A small artery (fig. 6ii) 
will not only be much larger than a capillary, ])ut its 
walls will be much thicker and composed of several 
coats. These are: (1) a lining layer of epithelium (a) like 
that of the capilfary, walls ; (2) an elastic membrane ; (5) 
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layer of involuntarv muscle (/>) consisting of fibres running 
in a circular direction : (4) a layer (c) of ti])rous connecti^^e 
tissue. A small vein will ])ossess the same layers, l»ut 
its walls will be thinner, as the elastic and muscular parts 
of it are not so \v(41 develo])ed as in an artery. The 
ditiea-ence between the large veins and arteries will l>e 
still more marked. In dissecting such an animal as a 
ral)]>it or cat, the difference between the thin-wa fled 
veins and the thick walled arteries is very apparent. 
The former will be full of Idood, while the latter are 
pale and almost empty since at death their muscular 
walls contract and foi'ce out the blood into tin* veins. 
Another im[)ortant distinction is that veins are provided 
with valves here and theiv during their (*ourse, while 
artei'ies are not. These valves are pouch-like folds of 
the veins which act in much the same way as the semi- 
lunar valves, and pi'event the blood fi'om ilowing back 
away from the heart. Tlu^se valves can easily lie 
demonstrated in any one of the long blue veins whi<‘h 
can be seen I’unniiig from the hand along tln^ front of 
tli(*, forearm. If a tingta* tij) is firmly presscnl on one of 
tln^se and (‘arried along it towards the hand, a little 
swelling will arise at some point in the vein in front of 
the finger tij). This swelling marks the position of a. 
valve. The pressure of the finger has, in fact, been forcing 
the blood the wrong way, and ck)se<l the valve, so that 
the vein is made to swell up by ])ressure of the blood 
unable to pass it. Each of the valves usually consists of 
two pouches. In comparing small arteries with laige, 
the foiiner ai‘c distinguished by the relatively large 
amount of muscle in their walls, and the latter by the 
abundance of theii- elastic tissue. 

Character of the Circulation in the Blood- 
vessels. — Owing to the difference in size and structure 
betw(ien the different kinds of blood-vessel, and to the 
different position which these have as regards the heart, 
it is not to ]>e expected that blood should flow through 
them in exactly the same way. Arteries are nearer the 
heart than the other vessels, and when one of them is 
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cut, the blood comes out in spurts which corrcs})ond to 
the heats of the heart. Veins, on the (Uher hand, are 
furtliost from the heart, and it is therefore not sur- 
prising that when one of them is cut the blood should 
flow out continuously and more slowly. 

These last -mentioned facts are of great practical im- 
pcvrtance, as in ease of an injury severing a Idood-vessel, 
they enable one to determine whether it is an artery or 
vein. In the formej* case the bleeding may ])e stopp(‘d 
by applying pressure on the hf’ari-side of the injury, and 
in the latter by ap])lying it on the vside a wan from the 
heart. The rate of flow depends pailly upon the near- 
n(‘ss to the heart, and ])artly u])on the amouiit of friction 
ottered by the walls of the blood-vessels. In a large 
artery, such as the carotid of a dog, the l)lood may flow 
at the, rate of from 12 to 20 inches per second, b.ut as the 
arteries divide again and again the rate gradually di- ' 
minishes, just as a river runs more slowly when it breaks 
u]) into a numl>er of channels or broadens into a lake. 
In- the smallest arteries the flow is i)ro])ably only a small 
fraction of an inch per second. The capillaries present 
a very great resistance to the passage of bka^xl, for to 
force li(piid through them is almost like forcing it 
through a ])iece of sponge, and the rate of flow is esti- 
mated at rather less than 2 inches ])er minute. As the 
blood begins to pass from the ca])illa]ies into the small 
veins, its pace (piickens, and finally in the hugest veins, 
such, for example, as the jugular of the dog, it reaches 
the rate of some 8 inches per second. 

Proofs of the Circulation.— The structure of the 
heart and the presence of valves in the veins are enough 
in themselves to prove that blood circulates through the 
bloiHl-M'stv'm in the direction that has already been 
descri[)ed. Injection of coloured Ihjuids into the vessels 
of dead bodies also proves that the heart and blood- 
v^essels are adapted for conducting blood by a particular 
course. But in addition to this, the circulation of the 
blood can be easily demonstrated in the living body. 
The Ijest means of doing this is to observe the trans- 

(M26) G 
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parent web of a frog’s foot under a low powei’ of the 
microscope. Hero the bhxxt can actually be seen flowing 
from small arteries into ca])illaries, and from capillariovS 
into veins. The arteries can ]>e easily recognized, 
la^eause in them the blood always flows from huger to 
smaller branches, while the contrary is true for the 
veins. It is also noticeable that the red cor})Useles (here 
very large, oval, and nucleated) keej), wheia? ])ossil)le, in 
the centre of the str(‘am, wliilc the white corpuscles I'oll 
along the walls of the vessels on the margins of the 
stream. Another proof of the circulation is found in th(‘ 
facts already given about the flow of blood from cut 
arteries and \ eins. To tliis may be added that soluble 
stibstances, injected into a blood-vessel or absorbed from 
tlie alimentary canal, soon make their way all over th(‘ 
system. 

The elasticity of the arteries, especially tin* large 
ones, plan's an important part in the ciirulation. If 
Avith an india-ru])ber syringe, used to re]>res(mt tlu^ 
lieart, Avater is forced by a series of strokes int<) a ln])e 
with iiiehistic walls, say a glass or l(‘a<l tulH% it Avill iloAv 
out at the other end in jerks, and this Avill liap[)(m even 
if the resistance is increased by plugging tlu* end of tlu' 
tube Avith a piece of s])onge. The same ti’ansmission in 
jei’ks Avill hapj)en if an india-rul)ber tube is stibstituted, 
unless the resistance is increased l»y blocking its end 
Avith sponge or in some other manner. In that case the 
tu}>e Avill sAvell up Avith each stroke oi the syringe, and 
there aauII be a steady floAv of water from its far end. 
In fact, the force of each stroke is partly ex])ended in 
driving the Avater forwards and partly in dilating tlu' 
tube, Avhile before the next stroke, the elastic Avail of the 
tu])e AAull I’cturn to its former condition, driving on the 
liqiiid as it does so. Exactly the same kind of thing 
happens in the case of the elastic arteries. 

When the ventricles contract, pa^*t of the force goes to 
expand their Avails, Avhich recoil again during the ven- 
tricular diastole, and continue the pumping Avork. The 
blood therefore flows Avith a fairly “even current, instead 
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of 1)eiiig propelled iu a serie^ of jerks, as would ke the 
case if the walls of the arteries were inelastic. What is 
known as the pulse simply consists of the alternate 
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expansion and recoil of the 
elastic walls of the arteries, 
as the ventricles alternately 
contract and relax. 

The muscular layer in the 
Avails of the arteries, es])C‘ci- 
ally of the smaller ones, 
serves another ])urpose : that 
of regulating their size. The 
fibres of this hiAua* run in a 
circular AA'ay, so that ^^dlen 
they contract the artery is 
iiari’OAA’ed. Their state of 
co?itraction is regulated by 
certain nerves, known from 
their function as vaso-motor 
(L. v<(s, vessel ; niov(*.r) 

nerves. ITnder ordinary cir- 
cumstances these fibres are 
in a tonic or half-contracted 
state, but they can be made 
to contract more or to con- 
tract less, as a result of which 
the artery is narroAA'ed or 
widened respectively. In 
tliis Avay the amount of l)lood 
supplied to the different parts 
of the body is regulated. 


(a.uulH at the iiiiit-r side <if the elhow a, h, 

’.•.. ■■.'i:':; '• lymphatic system. 

and euuiirpiiiic .Tin:: w irn ttn* ann-pir 
e, y, fj, g I'piiit li) Iv nil'll. itic ve-- N fnini- 

iii^ .(11 .iti ii rciiiiii f'* liainl. d.iik Tj. * 1 * 

ivMii'iun. x.-eL It IS not necessary tor 

the elementary student to 
knoAA' much more about this system than has already 
been explained on pp. 77 and 81. The lan^teals, which be- 
long to the intestine and carry aAva^ the digested fats 
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from it, rmi in the mes(V»tery, aud ultimately enter 
the lower end of the thoracic duct (figs. G3, id 3), a 
tube about as thick as a (trow-quill, which lies along 
the front of the backbone, from the second lumbar 
vertebra to the base of the neck, and opens into the 
left subclavian vein (neai* 3). Neai’ly all parts of 
the body are traversed liy lymphatics, which are quite 
similar to the lacteals in structure, and for the most 
part ojieii into the thoracic duct (4). Uoth lacteals 
and ordinary lymphatics resemble small veins in struc- 
ture, and contain numerous valves. Unlike veins, how- 
ever, they remain of about the same size in all jiarts 
(h their course, and here and there they travei se small 
swellings (fig. ( 14 ) known as lymphatic, or in the case of 
the lacteals, as mesenteric glands. These are not glands 
in the sense already defined (p. 04), and sjnee tlu'y 
possess no ducts, arc often called ‘ductless glands . 
Their function is to pi’oduce new' leucocytes. 

Tlie spleen (fig. 4<s^ is usually reckoned to belong to 
the lymphatic system, and is another example of a 
• ductless gland Its duty appears to be that of 
destroying used up red corpuscles wdiich are no lor-gcr 
fit to circulate in the blood-vessels. 


CHAPTER VI. 

RESPIRATORY ORGANS AND RESPIRATION. 

The physiological meaning of breathing or res]jiration 
has already been briefly explained (p. 15) as the means 
by wUicli tiie blood maintains its supply of oxygen, ^and 
gets rid of its excess of carbon dioxide, together wdth a 
great deal of waiter. The lungs are twx) red spongy 
bodies, tvliicli togddrer weigh about '2i Ihs. in the adult, 
and fill during li^ the greater part of the cavity of the 
thorax, one on fkich side of the heart (fig. 54). Each 
lung is somewhat cfonical in shape, wdth a blunt apex 
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a])ove and a concave l)ase Oelow, wheve it fits against the 
diaphragm. The other side is convex, and fits closely 
against the wall of the thorax, while the inner side is 
concave in correspondence with the convex shape of the 
heart. The left lung is divided into n})per and lowei* 
lol)es, and the right lung into upper, middle, and hover 
lohcs. Just as the heart is suspended in the thorax ])y 
the gi’eat l>lood- vessels at its base, ]>eing fj*ee elsewhei'iv 
so is each luiig suspended hy tlie laige ])lood-V{*ssels 
which enter and leave it, and ]>y one of the two branches 
of the windpipe (bronchi, lig. G5, f., r). All these 
structures are attached to what is known as the ‘rout' 
of the lung, situated rather above the middle of its innei‘ 
side. Except at their roots, the lungs are (piite fretc 
It has ])een explaimal that the heart is contained in a 
double bag, the ])ericardium (]). So), and in the same 
way each lung is contained in a similar bag, called in 
this case the pleura (Gk. jih-urff, side). The outer layei' 
of each pleura lines its half of tin; thoi*ax much as the 
])eritoneum lines the abdomen, abuts against one sid(‘ of 
the pericardium, and, where not separated by the heart, 
comes into contact with the corresjamding layer of the 
other pleura. The inner layer of the ])leura closely in- 
vests the lung, at the root of which it becomes continuous 
with the outer layei'. During life the two layers are in 
close contact, but there is a small amount of lymph 
between them, so that they are kept moist, and can 
easily glide over one another* during the movements of 
breathing. 

The windpipe or* trachea (fig. G5, a), by w hich air is 
cari’ied to and from the lungs, is a tube rather* less than 
an inch broad, which runs dowui the front of the neck 
intq the upper* part of the thorax, wdrere it foi*ks into 
two smaller tubes, the bronchi (Gk. hrd'nrlws, wu'nd})ipc), 
one for each lung (r., c). The top of the windpipe is 
much enlarged, and constitutes the’iorynx, or organ of 
voice, into w^'hich the glottis (p. ) o|):^ris. The larynx 

is sujrported by several cartilages, of tthich tire lar*gest 
is the th3nroid cartilage (Gk. thureos, shield,; eidd^<, re- 
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seiTiblauce), constituting the, pi-ojection, speoially large in 
men, known as ‘ Adam s ap])le Belon^ this comes a 
ring-shaped cricoid cartilage (Gk. krikOs, ring: cit/fe), 
l>i'oad iiehind and nai*row in front. The windpipe can 
easily be ftdt along the front of the neck as a, firm tube 
witii a wall raised np into ridges, which have earned for 



6.5 —Bronchial Tubes 


it the name trachea (Gk. fnichus, rough). These ridges 
are due to the pi'esciice of lioojis of cartilage, by tvhich 
its walls arc supported in front and at the sides, ^ and 
whi(;h prevent it from collapsing, which would interfere 
with breathing. The back of the windpipe, however, 
where it alnits ujj^ the gullet, is soft and meinbranous, 
so that it does interfere with swallowing. The walls 
of the bronchi /re stiHened in the same way. If either 
the right or left bronchus is followed into its lung, it 
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will he found (fig. 65) to hninch repeatedly into bron- 
cMal tubes (d), the smallest of wliicli are alxait -tj of 
an inch in diameter. The larger tii]»es have their walls 
stiflencd hy pieces of cartilage, hut this is not the case 
Avith the smallest l)ranclies, the walls of which am deli- 
cate and menihranous. If one of these smallest hronchial 
tubes is followe3d up, it will he found to end ])lindly in a 
group of air-sacs (hg. 66) much widei- than itself. The 



Tig U!.— Air-ci'lls i.f tlie Lnag 


II V of air-h-'acp coinicc-ted with ono of tlie smallest hronchial tiihes i(t). 

1 Au'-sao in section; /i, /<, /i. ceutral ' avitj , c, c, o, c, cavities of air-cclis; o, one 
of stnallest hrouchial tubes. 


wall of each air-sac is raised into a large numher of 
rounded projections known as air-cells (6). If the sur- 
face of the lung is examined carefully, it will lie found to 
present a mottled appearance, due to its diAisiou into an 
immense nunilter of minute lohiiles varying fi'om | to ^ 
an inch in diameter. Each of these lolndes consists of a 
numher of groups of air-sacs, hound together liy con- 
nective tissue. 

The complicated arrangement of Inanching tulics, of 
which the lungs mainly consist, is lined throughout hy 
mucous memhrane covered hy epkJ,ielium. lii the 
trachea, lironchi, and hronchial tubes die epithelium is 
mainly composed of columnar cells, placc\} at right angles 
to the surface, and covered on their’ free ends hy short 
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threads (aliiiut ]irotoy)lasm, known 

as cilia ( L. ciliuin, eyelash) (fig. 07 ). Each cilinm possesses 
the power of contractility, hnt this is not shown, as in 
the case of a mnsclc-fil a-e, hy shortening tvitli e(]uivaleiit 
thickening, but by alternate ])ending and straightening 
in a, Awn’v regular inannt*r. The cilia Avliich line the air- 
passages all work togetluT in such a way as to sweep 
mucus and fo]>agn jxulicles towards the glottis. They 
const itut(^, in fact, an arrangement by which the air- 
passages are kept clean. This is a 
matter of ^’crv great importance, as 
all sorts of solid impui’ities ai'C lan’iig 
constantly taken in with the aii- that 
is bi’cathed. The epithelium, which 
lines the aii’-sacs, is sim]>]c and s(|ua- 
mous, consisting of <i single delicate 
lay(M' of flattened cells. Immediately 
outside this layer are situated the capillaries of the lungs 
as a very close netwoi’k. 

Movements of Respiration. — It has already been 
e.\.{)Iained (p. 31) how, by the movements of the ri]>s and 
stmaium the size of tin? chest can be inci'eased fi'om side 
to side and from before backwai'ds. The diaphragm, 
which foi’ins the floor of the chest, is also capalhe of 
movements which increase its size from top to ])ottoni. 
The centre of the dia])hragm is of the nature of a, tendon, 
and remains almost at i-est below the heai't during 
bi-eathing, but its margins ai'e made up of muscle, which, 
when it contracts, flattens out, so as to increase the 
('apacity of the chest. This process is aided by two 
muscular masses known as pillars of the diaphragm, 
which run from its dorsal region to the front side of the 
lumbar vertebrae. During inspiration the ribs and 
stinaium move upwards and forwards, and at tlie same 
time the diajihragm coiUracts, so that the dimensions of 
the chest ai-e inc^.rised in all three directions. During 
expiration, thc^bs and sternum move downwards and 
backwards, am/ the dia])hragm ceases to contract, be- 
coming convex agrflu. In this way the dimensions of tlie 
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ehcist (limiiiisli iii all directions. The lungs contain a 
gi’eat deal of elastic connective tissue, which, during life, 
is always kept on the stretch, so that the lungs are, as it- 
were, constantly trying to contract. If in a freshly 
kilhal rahljit the alKloinen is carefully o})ene(l and the 
livtu pulled hack, the ])ink lungs will he seen through 
the transparent diaphragm fitting closely against the 
Avail of the thorax. If now the dia})hragTn is jmnctured 
on one sii.le, the lung on that side Aviil shrink to a coin- 
])a]‘atively small siz(\ in viilue of its elasticity. Tin' 
uninjured thorax may l>e regarded as an aii’-tight hox, 
and the lungs ai'e k(‘])t expanded hy th(‘ ])ressure of the 
air in the ai]'-})assages. Tlu'v could not shihik away 
from the wall of the thorax without causing a Aacuuni 
hetAveen the two layers of the pleura*, and their elas- 
ticity is not sutiiciently ])owerful to etlcct this. \Mien, 
howto’c'r, tln^ wall of tlie thorax is injured, tlu‘ pressure 
ill the air-])assages is neutralized hy a corresponding 
])r(\ssure on the (tutside of the lung concerned, its elas- 
ticity comes into ])lav, and it consequently shrinks. 
Fi'om what lias heen said, it follows that when the 
capacity of tin* chest is inc7'eas(*d hy movement of its 
walls, the lungs must enlarge to a coiTespouding 
extent, and air must at the same time enter tlnun. 
The lungs diminish in size as a matter of course Avhen 
tli(^ chest does so, and air conscipiently jiasses out 
of them. 

Air can pass in and out of the lungs either ])V way of 
the mouth or of the nose, l)oth of Avhich courses can 
he understood fnmi fig. 3-1. Tiie iip.vard course in the 
former case is — mouth-opening — mouth — pharynx — 
glottis; in the latter — nostrils — nasal cavities — posterior 
nare.^ — |)harynx — glottis. The outward course is the same 
as the preceding read the other way round. Breathing- 
through the nose is more natural and more desirahle 
than hreathing through tlie mouth, "^die aA erage rate 
of breathing* in the adult is about 17v(:imes a minute, 
about 30 cubic inches of tidal air pas4^ig in and out 
each time. As after an ordinary inspiration the lungs 



RESPIRATORY ORGANS AND RESPIRATION. 


107 


<‘onl;iiii 230 cuhir inches of air, it will easily lie lealized 
that the tidal air oidy jiasses in and f>ut of the larger 
air-passages, an ari*angeineiit by which injury of the 
more delicate parts of the lung is guarded against, if 
;i very full breath is taken, about 100 cubic inclu's of 
air ('an ])e drawn in, besides the tidal air. d'his is called 
complemental air. On the other hand, the dee])est 
])o<sihle ex]jiration expels 100 cubic inclu's of supple- 
mental air in addition to the tidal air. l>ut even after 
this, loo cubic inches of air still remain in the lungs, 
constituting what has ])een c'alled the residual air. 
I nder no circumstances can this air, which tills the 
smallest bronchial tubes and the air-sacs, be directly 
renewed. The lungs are in fact so extremely spongy, 
tha,{ even when removed from the body and slu'unk by 
their own elasticity far Ix'vond what can evei take ])Iace 
during life, they still contain a gi'eat deal of air, aiid 
I’eadily ll(.»at on wat(T. The following table will liel[) to 
make matters clearer; — 


(’n. ill., Air in lung's 

i x\fter fullest insjiir. 

' U -r S - 'r + ( t 


‘ Vitiil j (A »nipl(*iiiental ail (('),1(»0 I . • 

Tiaatiir(T) After ordinary niS|,n 

(J -r T - S ’ Sintpleuit’iital air {s),.ieo ; , t - . - . 


i Siit>plenit’iital 
Kesidual air (le. 


After ordinary expir. 

I ' 

dde j After fulle.st e.xpiralioii. 11. 

d3U I 


Differences between Inspired and Expired 
Air.— Since breathing goes on for tlie sake of obtaining 
oxygen and getting rid of caihon dioxide, it is to l)e 
expended that expired air should contain less oxygen and 
more carbon dioxide than inspii-ed air. This is actually 
the case. 

At this stage it is desira])h^ to enter lutliei' more fully 
than has yet beer done into th(‘ chemical conijiosition of 
air. Perfectly Aliy air consists approximately of the 
following gases/mixed, not united together, so that each 
retains its own prtTperties : — 
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V(,lnnieb. 

Oxygen, 

20-i»6 

Nitrogen 

79 0(» 

Carbon dioxide, 

-04 


100-00 

Ordinary air, lioweve)-, is never perfectly dry, l)ut 
contains a very variable amount of water vapour, to the 
condensation of vliich fog, clouds, I'ain, \c., are due. 
Oxygen and nitrogen have been already studied to some 
extent (pp. 40, 51), and some details regai-ding carbon 
dioxide made be added here. 

Carbon Dioxide, or Carbonic Acid Gas, is a com])ound 
the molecule of which consists of 1 atom of carbon plus 
2 atoms of oxygen, and which theiad'ore has the formula 
CO.,. Limestone or chalk (carbonate of lime) may be 
regarded as a compound consisting of COo and (juicklime 
chemically united. The formula for quicklime is CaO, 
i.c. a molecule of this compound contains 1 atom oi 
calcium plus 1 atom of oxygen. A molecule of chalk 
contaitis the same atoms as 1 molecule CO., plus 1 mole- 
cule CaO, and its foj*mula is co3)se(piently CaCO.^. 
When chalk or limest(nie is burnt in a kiln it is broken 
down into Ca(4 and CX).^. 

On the other hand, (juicklime left exposed to the air 
gradually becomes reconverted into caiLonate of lime 
])y uniting with its carbon dioxide. Both the processes 
may be represented by the following chemical eipiation: 

by heat 
^ 

CaCOs — CaO -f- CO., 

carbonate of lime quicklime and carbon dioxide. 

< 

Read from left to right in the direction of the upper 
arrow, this expresses the breaking doAvn or analysis of 
CaCO.j, while read in the other directis^^i it expresses the 
building up or synthesis of the same compound. 

Carbon dioxide can be more converKently obtained 
from chalk, limestone, or marble, by the action of an 
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acid, the a])paratus employed being rejireseuted in fig. G8. 
Some ])its of limestone are put into the flask shown on 
the right-hand side, and hydrochloric acid })onred in l)y 
the thistle funnel. Brisk effervescence ensues, owing 
to the liberation of carbon dioxide, which is conducted 
])y means of the doubly bent tiilie to the bottom of tin? 
jar slnnvn im the left hand side. The gas can l)e col- 
lected in this way l)ecause it is i*elatively heavy, and so 
gradually displaces the 
ail' in the jar. If before 
generating the gas, three 
lighted (‘amlle ends of 
different lengths have 
been placed in the jar, 
they will be seen to go 
out one after tlie other, 
the shortest first, as the 
carbon dioxide gradually 
dis[)Iaces the air. It is 
tliiis })roved that this gas 
does not support com- 
bustion nor itself burn. 

Another experiment is 
important, because it 
serves as a useful test 
for the jireseiKic of carbon 
dioxide. A small of (piantity of lime-water (prepared 
by shaking up some quicklime with water and tlnm 
filtering) is placed in a collecting jar, and carbon dioxide 
is jiassod through the liipiid, which at once becomes 
milky, and if allowed to stand, a white sediment is de- 
posited. This sediment consists of carbonate of lime 
formed by union of the G(\, with the lime dissolved in 
the water, as in the chemical equation given above I'ead 
from right to left. It need only be added that CX).> is col- 
ourless, with a sligl'i pungent smell, and a faint acid taste. 

We are now in /t position to pi*ove that the air breathed 
out contains mo’/e carbon dioxide than the air ]>reathed 
in. Two bottles, iif each of which a little lime-water has 
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been placed, are ])roAdded Avith tubes as sb(»wn iu fig- GO. 
A full iiispiratiou is then taken through one bottle (H), 
and immediately aftei-wards a. full exj)ii‘ation through 
the othei* bottle. This ])roeess is repeated two or three 
times. The lime-water in u remains cleai’, that in c 
soon Itecomes milky. In fact f per cent hy volume of 
expired air consists of CO.^ ; /.c. 100 times as much as in 

insipii-ed air. 

As regaii Is oxygen t here 
are about 1(> \oliimes of 
it in loo ^'ohuues of ('x 
j>irt‘d air, so that tin* air 
taken into tlie lungs lo^(‘s 
nearly a (juar’tei' of its oxy- 
gen the)-e. Ex])ired air 
al>o iliifers from iiispii'ctl 
ail- in containing a larger 
amount of water vapour, 
with wliicli in fact it is 
vNiturated. The film wliicli 
dim> a looking■-g■la^^ v hen 
breathed upon and tin' 
cloud foi'med by thebrt'ath 
on a cold day are caused by the (-ondensation of this 
moisture. The air breathed out also coiilains a small 
amount of volatile organic matter, Avhich easily ])Ut]-efi(cs, 
and is the cause of the tstulfy ' smell so noticeahh* in hadly- 
veiitilated i-ixmis. Ventilation is necessary heeaiisi* it 
keeps u}) the su])ply of oxygen and gets rid of the earhon 
flioxide and organic matter present in cx])ired air. Jloth 
of these are injurious to health, es])(a‘ia]ly tlie latter. 
When the C(.), in the air of a room rises to ‘OS per eentA 
the ail' may l>e regarded as unwholesome chiefiy hecause 
organic matter is then present to a jioisonous extent. 

Expired air is also much warmer than ins])ired air, its 
temperature heing about 97“ F., triych is v(;ry uearl}^ 
that of the body. ^ 

^ h oz. of lime-water shaken up with the air of tJie room in a 10-oz. ]>ottle 
will pirn milky if this pereentafj:e is exceeded. 
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Daily Gains and Dosses.- - Keckonini^ iIk* lidnl 
air as aO iiichos, akoiit (aihic feat of air })ass tliro’igh 
tli(‘ lungs of au a\'enige adult in tuary -4- hours, iiMjO 
grains of oxygen are ahsorhed, while 14-,-fOO grains of 
(.k), aiifl of water are gi\-en out. This with the 

arc onipaiiyin.g orgaiiie matter, is enough to render 27, ()0() 
eubic feet of air unfit for respiration, and this amount 
thertd'ore, is the daily minimum retpai]‘ed. Calculating 
on this basis, a room wliieh is eonsta.ntly oc'-upied should 
not only be wadi seiitilate I, but be iai'ge enough to alittw 
at je ist Si)t) cubic foot of space to eauli nduli. 

Changes which the Blood undergoes in the 
Lungs. — h has already bc'cii explained that the imo e- 
nients of breathing only renew' the air in the larger 
air-]> is<ag(\s. That in the air-.^ars and smaller bi'oneliici 
ru1>es is kept ])ure by ordinarv gaseous diffusion, 'rhat 
is to <ay, when two ga^es or mixtures <.>f gases aj*e 'in 
diio' ‘t eoritart <an-i-ent^ [ciss in both dii-eetions until ties 
(Miriia' \oliune is of the >amc‘ eom})ositiou. [ti this way 
tin? air-saesein get rid of ilieir carbon dioxide and waner 
va[>our w'hile at the same tirin: their supjdy of oxygen is 
removed. 

To uiifierstand the exehang(‘ of gases ]>etwt‘en tlie 
blood and tin? air in the air-sies an additi(Mi must ]>e 
made to wdrit wms said ahont diffusion on ]). 70. It 
appe irs tint, if a. ]i<pii(l wn'th '//.NO-o//'cd ye^es is separated 
by a moist- animal membram' froju a gas ur mixture of 
gases, diffusion will take pia.ee through the membrane 
in both directions. Thus, if a moist bla.dder, containing 
w'ater wdth carbon dioxide dissolved in it, w'ere placed in 
a. vessel of oxygen — (i) carbon dioxide wanild diffuse n>tt 
o/' the wader, fhronjh, the l)ladd(n' /a/e the oxygen, (2) oxy- 
g(?!i wasnld ditbise fhroajh the fdadder /aC the waiter, 
wOiicli wn)uld (liss()lve it. A similar exchange takes place 
lietw'een the hlood and tile air in the air-sacs, wdiieh v.dll 
be understood wdir^init is reiiiemliered that the blood in 
the capillaries of; die lungs is only se])arated from the air 
in the air-saes ^ay the extremely thin avails of the capil- 
laries and l)y tho delicate epithelium avhieh lines the 
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s;ics. The totul surface i-e])rescntcd l)y the liihug of all 
the air-sacs is about equal to 100 times the area of the 
skill, and the spongy stiaicture of the lungs may lie iv- 
garded as an arrangement by udiich the blood is In-ought 
\ery near to the air over a very large area with great 
e<‘onomy of s})a(‘e. A similar grbu of abso]‘])tive sui-fac(‘ 
without sacrihoiug conqiactness has already lieen seen in 
the case of the small intestiin^ (p. 77). 

The oxygen A^ hich the blood dis]»enses to the tissues 
is carried hy the com})lex substance haemoglobin, to 
Avhich the red cor])Uscles owe their colour. Iheinoglobiii 
consists of a ])roteid substance, globin, united a\ ith a red 
colouring matter, haeniatin, in which the elements carbon, 
hydrogen, nitrogen, oxygen, and iron occur. The pecu- 
liarity which renders it usid'ul as an oxygen-carriei- is 
that j)art of its oxygen is held in a state of loose chemical 
combination, i.r. is i-eadily ])arted with to the tissues. 
It is called oxy-haemoglobin when this loosely-held oxy- 
gen is present, and i^ then of a bright scarlet colour, 
but after parting Avith this oxygen it ])ecomes of a dark 
])ur]»le colour, and is knoAvn as reduced haemoglobin. 
The term ‘reduced' is the exact op[)osite to oxidized, 
and is ajiplied t(j conqiounds fj'orn Avhich the oxygcni has 
been more or less removed. Ihire blood, as found in all 
arteries except the pulmonary, is of a In-ight scarlet 
colour oAving to the ])resence of oxy-hamioglobin, Avhih' 
impure l>loo(l, as found in all veins excej)t the pulnK)iiary, 
is dark pui‘]jle because its luemoglobin has been reduced, 
lienee Avhen a blood-vessel is cut the colour of the 
])lood hoAving out is one moiuis of determining Avhether 
an artery or vein has been injured. In the ca])illar]es 
of the general ]x)dy the oxy -luemoglobin of the ]ntre 
blood, su]q)lied by the l)ranches of the aoi ta, is largely 
convertecl into reduced Innnioglobin by the action of the 
surrounding tissues, Avliich have a strong affinity for 
oxygen, causing that part of it Avhidft*-is loosely held to 
be liberated from chemical combination, aftei* AAdiich it 
passes by diffiusion thimigh the delicate ca])illary Avails 
into the surrounding lymph. In the lung-capillaries, on 
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th(‘ other haiul, the re.duced hiemoglohiu in the iiDpore, 
Mood l)roui,dit hy the ])idinoiPiry artery is oiiee iiior(‘ 
e unTilcfl into oxy-hjeinoglolijii, the necessary oxyyon 
dithisiny into the (*a])i]laries from the air in the air-sees. 

The carbon dioxide of the i)]ood is ])irtly dissolved in 
tlie plasma and ])artly ehemieally united with the mintn*:d 
salts contained in it. In the tissues the (cii-hon dioxide 
formed as a, })ro duet of waste p esses inti) the lymj)h, aial 
fr< im it into the capillaries. The impure blood re<‘U‘liiny 
the lungs get^ rid of earhon <lioxide, wiiieh ditl’iises from 
tin* lung ea,]iillaiTes intv) the air-saes. The Avatei'-va])our 
end <u-ganic matter in the ex})ired air have a similai' 
siAuree. 

It is therefore in the capillaries of the general body 
that pure ( U-irtei-iab ) bloisl is conAunUed into impure 
( ‘ vtmoii^'). Avhile the convei*se ])rocess takes ])]ace in the 
<'a})i]laries of the lungs. 

Th(^. eouvei’sion of im])ure into pure blood, so far ns 
amount of ox\\g>m is eomanaie l. can easily l>e elleeled 
outside th(^ bo [y altog(‘ther, by simply ex])osing it to 
ihc' air. Its ])urpie eolour soon gi\es place to bright 
scarlet as the re bleed hamioglobin takes up oxygen fi'om 
the air and ])ecomes oxy-ha'inogiobin. The process can 
be hastened by shaking up with air, or still better with 
oxygen. It is also possible to coiiA'crt pure into impure 
bloofl outside the body, by addition of a strong ixnlucing 
ag(‘nt, ie. some substance having a strong athnity for 
oxygen. Such a substance is found in ferrous sulphate 
(green \utriol), and if some of this is added to pure blood 
the blight scarlet colour is clianged for a dull pu]’])le. 
Oxygen has been AvithdraAvn from the oxy-hnmiogloMn, 
conAuu'ting it into reduced hamioglobin. 

Suffocation or Asphyxia (Ok. for stop])ing of pidse) 
takirs [)laee if the same air is bi-eathod over and over 
again, if some gas (other than oxygen) or mixture of 
gas(‘s (not contaiiumg tfxygeiO is substituted for air, 
or if breathing is sto])ped altogether by closin e of the 
trachea. In sm h cases there is oxygen starvation, AAuth 
poisoning l^y the waste ])rodncts of respiration, and it 
( AT 20 ) II 
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may he in the second case by the substituted gas inhaled. 
It will be sufficient to consider the case whei’c the same 
air is repeatedly breathed. As it becomes impure the 
breathing Ijecomes more rapid, fuller, and more laboured. 
Then follows a stage marked l)y difficulty of breathing, 
dyspnoea (Gk. dus, l>ad ; I breathe), whei’e the muscles 
concerned in expiration contract violently, and convul- 
sions finally set in. The last stage is one of complete 
exhaustion, Avith occasional attempts at breathing Avhich 
l)ecome feebler and feebler till at last death ensues. 
Upon dissection all the blood is found to he dark, for its 
luemoglobiii is entirely reduced. The great veins, the 
right side of the heart, and the pulmonary artery are 
gorged with blood, vidiile the left side of the heart is 
nearly empty! 

Coughing is generally the result of irritati(.)n of the 
larynx or trachea. It consists of a deep inspiration with 
closure of the glottis, folloAved by a rapid and more or 
less violent expiration through the mouth. Irritating 
substances are got rid of in this way. 

Sneezing resembles coughing, but in this case the 
eyes or nasal cavities are irritated, and expiration takes 
place through the nose. 


CHAPTER YII. 

URINARY ORGANS AND THE EXCRETION OF NITRO- 
GENOUS WASTE. 

The constant Avaste AAffiich goes on in the body for the 
jnirpose of producing the energy and heat necessary to 
life leads to the production of three chief AAarste jiroducts; 
water, carbon dioxide, and urea. The respiratory organs, 
as explained in the last chapter, get rid of nearly all the 
carbon dioxide and a great deal of the Avater, Avhile at the 
same time they are the means by Avhich the necessary 
process of waste is rendered possible, since they introduce 
oxygen into the body. The urinaly organs, including 
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niider this name the kidneys and related parts, have the 
function of excreting water together with urea, which is 
a nitrogenous waste product brought to the kidneys in 
the l)lood. 

The clear amber -coloured liquid, urine, excreted by 
the kidneys, consists, therefore, of water with various 
substances dissolved in it, of which the most important 
is urea. Its composition given in greater detail is as 


follows : — 

111 1000 parts. 

Water, ... ... . .. . ... 958 

Di.ssolved solids consisting of, — 

IJkea, ... .. 23*3 

Other nitrogenous substances, . '9 

Sodium chloride (common salt), ... 1 1 ‘0 

Other salts, &c., ... ... ... 6*8 

4*2 


1000 

Urine is slightly acid, and when allowed to decompose 
gi\'es off a jieculiar pungent odour dne to the formation 
of ammonia. From 50 to 60 fluid ounces are excreted 
by the kidneys during every 24 hours, containing about 
51 2 grains of urea. 

Urea, when obtained in the solid form, crystallizes in 
four-sided prisms or in delicate white needles. Its chemi- 
cal formula is N^H^CO, and it therefore contains the ele- 
ments nitrogen, hydrogen, carbon, and oxygen, the first 
making up nearly half its weight. In decomposing urine 
it is converted into ammonium carbonate (N 2 HgC 03 ), 
the substance familiarly known as ‘smelling salts’, hy 
union of 2 molecules of water with 1 molecule of urea : 
N.H^CO + H 2 O -f- H^O = NoHgCO.,. Each molecule of 
ammonium carbonate then readily breaks down into 2 
molecules of ammonia (NH^), I molecule of water (H^O), 
and 1 molecule of carbon dioxide (CO^). 

Urea may thus iJe regarded as the end product re- 
sulting within the body from the breaking down of 
its proteid constituents, and it then undergoes further 
changes, outside the body, leading to the production of 
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a Still simpler }iitroi>'eiions l)o(ly, ammonia. It may be 
added that when the body dies and its soft ]iarts decom- 
pose. the nltimate ])ro<hicts are 'water, cai'bon dioxide, 
and ammonia. It is therefore desirable to learn some- 
thing more about this last compound. 

Ammonia is a gaseous compound the molecule of 
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KH,, as already mentioned. Water dissolves ammonia 
very readily, and chemists sell it in this form, for which the 
popular name is ‘spirits of hartshorn h The exti'emely 
penetrating odour of this solution is familiar to most 
peo])le, and the similar odour given olh by common smell- 
ing salts is also due to the liberation of this gas. Am- 
monia is usually pre]>ared on a small scale in the labora- 
tory by means of the apparatus represented in fig. 70. 
A mixture consisting of 1 part of sal^immoniac (Nhl^Cl) 
to 2 parts of slaked lime (CaHoO.^) is placed in the flask 
on the right and gentle heat ap2)lied. Ammonia is then 
given off, and, being about twice as light as air, can be 
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])assed through a bent tu])e and collected in a jar turned 
u])side down, as shown on the left. The gas thus obtained 
will he found to be transparent cand to ])ossess a peculiar 
])ungent (^xlour. It will ])ut out a lighted candle-end 
raised into it by means of a wire, and will not itself take 
tire. If the end of the tube leading from the flask is 
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allou'cd to dip into a vessel of water, a solution of am- 
monia will be prepared. Both as a gas and in solution 
ammonia is strongly alkaline, i.e. it will turn red litmus 
paper blue or neutralize acids. 

The Kidneys (fig. 71) are two dark red bodies of 
chaj'acteristic shapes situated at the back of the abdom- 
inal cavity, one on each side of the backbone. Their upper 
ends are on altout the same level as the last thoracic 
vertebra, and they are hchind the peritoneum, which 
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therefore only covers their front surfaceso Each kidney 
is a])oiit 4 inches long, 24 inches broad, and 1^ inches 
thick, with a weight of 44 ounces or rather less. On its 
inner side there is a notch, the hilus, from which a hrni- 
waded tu])e runs down to open into the back of the 
urinary bladder. This tube is the duct which cairies oil* 

the uriiie from the kid- 
\ ney, and it is known as 

the ureter. The urinary 
bladder, which acts as a 
' temporary receptacle for 
the urine, is a rounded 
sac with firm translucent 
walls, containing layi'rs 
of involuntary muscle. 
The bladder, when mo- 
derately full, contains 
about a ])int of liquid. 
It communicates witli the 
, exterior at its lower end 
I by a tu])e, the urethra, 
tlie beginning of ay Inch 
is kept closed by a 
sphincter muscle (p. 05), 
Structure of the 
Fig. 7i-si ' n Kill .V . - 1 + \ v Kidney. — The kidney 

the (lirectioii ■ i'.- M';-: ; • 3 1 n '' 

is seen the 0 ! -ri i: i- IS COVerCd OV a tllTn 

—1)610^1^1'.. ,i; ■ !! ! ‘-I ,1 !!'■.■ 1 . 1. 1; r-i , " i • 1 

artery, ki- r. i- . iibrous coat which caii 

readily be peeled off. 
When cut through longitudinally from side to side the 
cut surface presents the appearance represented in fig. 72. 
The outer part or cortex (L. for bark) is soft, dark red 
in colour, and granular-looking, while the inner part or 
medulla (L. for marroAv) is firmer, paler, and marked by 
fine streaks diverging towards the cortex. The medulla 
is divided into a number of conical ntasses or ‘ pyramids ’, 
of which 1 2 or more are generally present. The broad 
ends of the pyramids are continuous with the cortex, 
while their narrow ends constitute a number of rounded 
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elcAatioiis, the urinary papillae, which project into a 
ca\ity (pelvis) formed on the inner side of the kidney 
by expansion of the ni'eter at the hilus. 

If the surface of a urinary papilla is examined with a 
lens, a number of minute apertures can be seen, which are 
rendered more obvious by s«pieezing, when minute drops 
of urine ooze from them. The kidney is in fact made up 
of an enormous number of microscopic uriniferous tubules 
by which the urine is excri'ted. Each of these tubules 


begins in the cortex with a 
small I'ound Malpighian 
body visible a^ a red spot by 
means of a lens. It then 
twists about in a very com- 
})lex way and finally inns 
sti’aight through the me- 
dulla, uniting as it does so 
with other similar tubules 
till a rather nider tube is 
formed Avhich opens on a 
urinary papilla by means of 



one of the minute apertui*es 
already mentioned. Tin 


Fit; 73 —Malpicihiau BuJ} nflvidiioj, 
w ith its tuft of 1 


striated appeai’aiice of the « 
medulla is due to the 
straight course which the 
tubules take as they converge 


•iiul /*, Ccir of c nivuU loiined dilated 
cud of tubule c The ivide \e'"cd is the 
alfeient , the nairow one is the < fFcreiit 
VeiylaitcOj iuae,mtie(i 

to the urinary papillije. 


The tubules are lined throughout by a layer of simple 


epithelium, the character of which varies in different 


places. The only regions which need be considered 
further here are the Malpighian body and the thickened 


part of the tubule running in the cortex. A Mal- 
pighian body (fig. 73) is a rounded structure lined by 
flattened epithelium aaid having a tuft of capillaries, the 


glomerulus (L. for small skein of thread), pushed into it, 


so to speak. The glomerulus is not, however, inside the 
.oavity of the capsule, but has much the same relation to 
it that the heart has to the pericardium (p. 85). The 


thickened part of the tubule is lined by glandular 
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epithelium, a small part of which is shown in hg. 74. 
Since the urinifemns lulmles excrete the mine from the 
]»l(.)o(l, it is (iesirahle to have some noihm ol the arrange- 
ment of the ])lood- vessels of the kidney. A renal artery 
(tig. 71) runs from the aorta to the hiius, and divides iij) 
into smaller and smallei* bi'anches. Some of these I'un in 


the cortex an<l give f>li‘ twigs to the glomeruli 
vessel in tig. 73). The Idood is carried oil' from eaxdi 
giomeridiis by a minute vt*in (ifunoiv vessel in fig. 73), 
which at once breaks ii]) in the same way as a poctal 

vein and becomes 
continuous with a. 
network of ca])il- 
laries. by which tb(‘ 
thickened ]>arts of 

Fin 74.— \ fiy luyhlv in Men of epit... .uid tllC tllbuICS <U C 



■' ‘ closely suri'( »und(*d, 


4i‘<.)tn this ]ietw ork. 


and from capillaries in the medulla, small veins arisi* 
Nvhich by stiC(X\ssive union finally jji'oduce the renal vein, 
which runs from the hiius into the inferior ^■ena cava 
(tig. 71). The blood in this vein is the ])urt‘st in the 
body, as far as nitrogenous waste is concerned. 


Tlie water and inorganic salts of the urine ap})ear to 
be filtered out of the blood in the glomeruli into the 


beginnings of the uriniferous tubules. Jt must be re- 
membered, hoAvever, that we liave to deal in this case 


wdth a living filter that has the ])owmr of regulating wdiat 
shall pass through it and wdiat vshall not. If it ’were not 
for this all the dissolved substances in the blood waadd 


be able to filter thi'ougli into the tubules, wdiicli is very 
far from being tlie case. The glandular t'])ithelium lining 
the thickened part of the tulhules a])])ears t<4 have the 
function of separating urea and certain other nitrogenous 
substances fi’om the blood in tlie surrounding capillary 
netwmrk. From the ejhthelium they pass into the cun i- 
ties of the tubules, wdiich are constantly being waish^aj 
out by the fluid filtered through the glomeruli. 
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CHAPTER VUI. 

THE SKIN AND ITR FUNCTIONS -METADOLlS:\r AND 
ANIMAL HEAT. 

The skii] h;is already been Hieiilioned on ]i. 11 as ao 
iin]Jortant protective oi'gan, and its division into e])ider- 
niis and dennis ^vas there exjdained. Other iin])ortant 
fiinelions aj*e pi'rfornied by tlie skin besides the oin^ just 
nnuitioned. It is an excretory organ — the cxci'etion being 
e.-dhal ])erspii‘ation oi‘ sweat, — it hel])s to regulate the 
temperature of the body, and it is the organ of touch. 

The structure of a magnified section of skin, taken at 
I'ight angles to the siirhice, is re[)resented in fig. 75, The 
epidermis (u6) is comparatively thin, but varies in thick- 
ness in dilfei'cnt ])ai-ts of the body. It is thickest (al)out 

of an inch) on pans ex])osed to pressure, such as tlui 
])alms of the hands and soles of the feet: in some ])laces 
it is not more than of an inch thick. The under sitr- 
fa'ce of the e}‘idermis is irregular and moulded upon the 
correspondingly shaped ii})per surface of the dermis (r). 
Epidermis is a form of sti'atified epithelium, and is made 
u}) of numerous layers of oells tvhich ai*e more or h'ss 
1 ‘ounded near the dermis, but externally aiu scale-like 
and constitute what is called the horny layer (a). 
The deeper part of the ejhderniis contains ])igment, 
and is termed the Malpighian layer (/>). Hairs l>elong to 
the epidermis, and may be looked u})on as compressed 
piles of dead cells in the form of lioiTiy scales. Eacdi 
hair grows out of a narrow pouch, the hair-sac (sec 
fig. 75) which is lined by ejhdermis but ])rojects down 
into the dermis. The haii* grows by addition of material 
to its base. Two or more little pouches, the sebaceous 
glands (/), open into the haii-sac. They are lined by 
glandular epithelium and secrete a greasy substance 
which acts as a iiatKTral 23omatuni. The nails of the 
and toes are of much the same nat\ire as hairs, 
ifnd are developed in a similar way. They are as it were 
enormously large flat hairs. The sebaceous glands are 
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not the most important ones helonging to the skin. 
If the tip of a finger or thiimh is carefully examined a 
number of delicate I'idges will be seen arranged in a 
peculiar manner. It is owing to these ridges that the 
pi’iiit of a dirty finger or thumb has a well-kiion ii and 
characteristic appearance. If by means of a fairly sti'ong 
lens, one of these ridges is carefully examined, a row of 

minute holes will 1)0 seen run- 

ning along it. These are th(‘ 

- ^ openings of the sweat-glands, 

hy which the sweat is excreted. 

\ \ ceedingly delicate tubule about 

)-■- i beginning 

/ „ X— r of which is coiled up into a 

1 . -h kind of l»ari (r) in the dee])eT* 

'■ dermis, or in the 

subcutaneous (L. suh, beloAv; 

V ■ skin) tissue (cil) which 

■ below it. This coiled pait 

lined bv glandular e])ithelium. 

. The rest*^ of ^ the _ tul )ule, which 

wavy course (c') through 
Fig. 75.-Th<^stnKturo nf the Skin. domiis, aiid tlicu, twistiiig 

like a corkscrew", pierces the 

epidermis to end by one erf the pores already mentioned. 
The epithelium lining the gland belongs to the epidermis. 
Sweat-glands are found in almost all parts of the skin, 
but are not equally numerous in every region. They 
arc most al)undant"in the palms ejf the hands and soles 
of the feet, where about 3000 are found to the square 
inch. Where least abundant, as in the skin of the back, 
about 400 of them occur to the square inch. There must 
be between ttvo and three million of them altogether, and 
if unravelled and placed end to end in a straight line 
they would stretch a distance of not less than ten mdes. 

The dermis (fig. 75 from just below b to e) is mucu 
thicker than the epidermis and passes without sharp 
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houiidary internally into the su1 xaitaneous tissue 
which is of similar textui-e, but distinguished by contain- 
ing a good deal of fat {uml anas in thr pjure). llie outer 
surface of the dermis is irregular, and in the sensitive 
])arts of the skin i-aised into numerous minute })a])ilhe. 
It is the arrangement of these in a regulai* manner that 
gives rise to the i-idges on the fingers mentioned aljove. 
The dermis consists of a felt-work of connective tissue, 
tra^'e^sed by numerous blood-vessels, lymphatics, and 
nerves. It therefore bleeds when injured, and is sensi- 
tiN'e. 

Excretion by the Skin. — Sweat is an acid li(]UKl, 
the composition of which resembles that of very much 
diluted urine. 1000 parts by volume consist of ])arts 
of watei’ with 12 parts of dissolved solids. Of these last 
nearly 3 consist of sodium chloride, less than 1 of ur(*a, 
and the rest of small (piantities of various salts and 
organic compounds. Under ordinaiy circumstances the 
sweat e\aporates into the suiToiinding air as soon as it 
reaches the surface of the skin, and in this form is known 
as Mnsensible perspiration’, Imt when violent exercise 
is taken, or the body is exposed to a high tcm]ieraturo, 
di’ops of sweat collect on the skin, constituting ‘sensible 
perspiration ’ . In fact, under such ciivurnstances, the 
sweat is secreted more rapidly than it can be got rid of 
l)y evaporation. About 2 pounds of sweat are excreted 
every 21 hours. 

Regulation of Body Temperature by means 
of the Skin. — Under all circumstances, the healthy 
human body maintains a constant temperature of about 
98*6^ F. as measured by means of a thermometer placed 
in the arm-pit. The temperature of the Idood is about 
100*6“ F. But the heat produced in the body constantly 
varies in amount, being more, for exam[)le, when a great 
deal of exercise is taken, and less when but few move- 
ments are made. A'* regulating apparatus is therefore? 
np^^red, and this is constituted by the skin, working 
'^undrer the control of the nervous system. Heat is being 
continually given «)ff from the surface of the skin by 
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radiation, and also as a result of the evaporation of sweat. 
Tiie latter point will he realized hy reinernhei’ing how 
eohi the skin feels if damped with warm Avatei’, and then 
allowed to diy ]>y letting this evaporate. A similai’ 
(hleet is hr< mght ahoiit hy meansof the pers])irati(>n. A lien 
too mueh lieat is produced in the body tln^ skin l)ecoines 
red and hot, wliile at the same time the }>roduetion of 
SA\ eat is largely increased. Two things ha\'e happened 
leading to this result — (1) the vaso-motor nerves, which 
regulate the size of the aiteries supjdying the skin, have 
caused these to increase in size (p. 100) and t.o Indng 
more hhxxl, (2) s]iecial secretory nerves have stimulatiHl 
the sweat-glands to produce more sweat. An attempt is 
heing made, in fact, to get rid of as much heat as })()ssihle 
from the surface of the skin. Jt is now moist and un- 
usually full of hlood, conditions which favour the escape 
of heat through it. It is also clear that the increased 
secretion of sweat leads to agi'eater loss of heat ly means 
of eva])oratiou. E.vactly the (;p[)osite kind of thing takes 
])lace if the loss of heat has to he ifduced, as, for exanijde, 
in cold weather if little exendse is taken. The skin may 
then he jiale and cold, and the sweat reduced in amount. 
The arteries supplying the skin are contracted 1y the 
iniiueiice of the vaso-motor nei’ves, and the sweat glands 
are not stimulated to extra secretion. ITe jirimaiy ust‘ 
of clothes in this climate is to assist the skin in prevent- 
ing loss of heat. 


METAUOLISM. 

The actual Jirtmj suhsiance of the l)ody, protoplasm (Cdk. 
prfdds^ first ; plasina, something formed), is of exceed- 
ingly complex chemical nature and very unstahle, i.c, very 
liable to Iwcak down into simpler substances. It is known 
to consist Amry largely of jmoteids, and pro])ahl 3 " of carho- 
h 3 ulrates and fats as well. The tjody also contains a 
large numl3er of lif ideas siihsiances, some of which 
their tvay to become protoplasm while some have resulted' 
from its breaking down in various »• ways. The term 
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Metabolism ((Jk. mctahulc, (‘}iaiig<-‘) iscoiiv(>jn\'!itIya])|)lie(l 
to the entii'c cycle of changes i»y Avhicli the digested 
food is converted into ])roto]:)hism on the one hand, and 
hy Avhich waste pnalucts arc ultimately produced on the 
other hy hreaking down of proto])lasin. Tlie u])-huilding 
processes may he grouped under the heading Constructive 
Metabolism, and the dcjwn-hreaking processes under the 
heading Destructive Metabolism. Tlie former involves 
th(^ ahsorption of heat and the conversion of actual or 
kinetic energy into stoi-ed or potential energy. The 
latter is associated with tht‘ conversion of ])otential into 
kinetic energy, which a])pears as heat and mechanical 
work. These facts can he represented diagranimaticiilly 
as follows. — (iv.K. = Kinetic energv; p.e. ])otential 


energy). 



Protoplasm^ 



Food 


Waste Products 


‘The diagram is made like a. sta.irca,se to indi(*ate that 
thertj are a niim))er of upward steps hetween food and 
p]‘ 0 to])lasm and a numhcr of downward rste[)3 hetween 
])roto])lasm and waste products. But this is not all, for 
it appears that a considerable part of the food is not 
huilt up into proto})lasm at all, hut is slowly oxidized 
into waste products, with conversion of jiotential eneigy 
into heat and mechanical work. We may eom]jare tlu' 
living body to an imaginary steam-engine (eg), p. 47) 
which does work ami kee])S np its heat jiartly hy tin* 
comhustioii of fuel and partly hy the comlmstion of its 
own walls. We must further suppose this steam-engine 
to ])ossess the power of repairing its walls from part of 
the fuel as rapidly as they are hurnt away, and thus, 
though the shape of the engine Avon Id he maintained, the 
materials making it up Avould lie constantly altering. 
Another Avay of expressing tlie fact that living matter 

n istantly being broken doAvn is to say tliat all parts 
e body continually undergo ‘local death’, hut it 
must not 1)6 forgobten that this is compensated by con- 
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stant renewal. Deatli in the ordinary sense or ‘general 
death’ in tln^ physiological sense means the stojipage of 
the various functions that distinguish the 1)ody as a whole, 
but not the immediate death of all the tissues. In the 
dead 1)ody desti'uctive metabolism continues to go on 
without any countejhalancing constructive metabolism. 

Animal Heat. — As stated above, one of the results 
of metabolism is the jmxluction of heat, and it must now 
be emphasized that the down-breaking ])]‘ocesses which 
liberate it ai e of the nature of slow combustion or oxida- 
tion. Hence the necessity for taking in fj-ee oxygen, 
Avhich, so to speak, seizes on tlu‘ carbon and hydrogen 
in the comj)ounds found within the body, and unites 
with them to form carbon dioxide and water. In the 
oxidation of the nitrogenous com])ounds the ultimate 
product, S(j far as concerns nitrogen, is ui’ea. 

.Host of the heat of the body is produced by tie* meta- 
bolism of the muscles, and a co}Lsidera])le amomit in tlie 
glands, but more or less of it is liberat(?d in all ])arts of 
the body. The circulatory organs among their many 
functions include that of heat distribution, just as aij’ 
and water currents distribute heat and so tend to efpialize 
the temjierature of the earth. Heat is lost from the sur- 
face of the skin, and with the heces, urine, and ex])ired 
air. The regulation of heat liy means of the skin has 
already been sufficiently explained. 

Work done by the Body. — The actual energy set 
free, by the processes of oxidation already described, is 
largely manifested iji the external work done by the 
body in locomotion, Ac., and in the internal work ])er- 
fornied by the various organs. The average day’s exter- 
nal work ])erformed by an industrious workman has been 
estimated at 4S3 foot-tons, work equal to that expended 
in raising 483 tons one foot or 1 ton “183 feet. 
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CHAPTER IX. 

Tin^: nervous; system and its funotions. 

The Nervous System includes those structures hy 
uieRMs of which all the organs of the body (]). IG) ar(‘, 
correlated, and caused to wo)rk in harniony with one 
another and the surroundings. This is necessary, be- 
cause, ill accordance with the principle of division of 
])hysiological labour (p. l.i), diti'erent parts are special - 
i:aul for jierforming the functions of digestion, res})ira,- 
tion, cii'culation, Ac., and if they worked independently 
of one another the most disastrous results w'ould at once 
follow. The nervous system, in fact, undertakes the 
direction and control of the whole body, and all the 
higher niauifestations of life are dependent upon if. 
Take such an apparently simjile matter as the mainten- 
ance of the erect position (p. -IG). This depends upon 
the constant transmission of wiiat may figuratively be 
called ‘orders’, from the neiwous system to the muscles 
concerned. When a person goes into a dead faint some 
of the actions of the nervous system are temporarily 
sus])ended, including the sending out of these orders, and, 
as a result, the erect position is no longer maintained. 
More serious interference with the nervous system may 
lead to stoppage of the heart or of the respiratory move- 
ments, and in that case death ensues unless the interfer- 
ence is of extremely brief duration. 

The organs iio^v being dealt with, consist of (1) the 
Central Nervous System, including the l)rain, spinal cord, 
and sympathetic ganglia — and (2) the Peripheral Ner- 
vous System, including the nerves by wdiich these parts 
are brought in relation to the other organs of the body. 
It will not be convenient, how^ever, to completely sepa- 
rate the consideration of the two. 

^x.'Jhe Cerebro-spinal Axis, under wdiich name Brain and 
^pmal Cord are included, is contained in the dorsal 
cavity or neural «anal (fig. 1 \ bounded by the verte- 
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])rae and of the skull. It is surrounded hv three 

nnanhrancs, all mainlv eompostal of eonneetive tissue. 
‘The most external of these, the dura mater (L. for hanl 
mother) lines the neural eavitv and is vei v firm and 
tough. W'ithin it is a verv nari'ow sadural space filled 
u’ith lymph, and r(*seml)ling in its eharaeters the space 
hetween the two layers of the pericardium or the two 
layers of a pleiu'.a. Now folhuvs an extremely (h'licate 
arachnoid membrane, Avhich received its name (Gk. 



spiders web; ch/e.g resemblance) from th(‘ 
numerous delicate strands of cfmnective tissue whieli 
run across the large sub-arachnoid space situated below 
it. This space is" filled with clear cerebro-spinal fluid, 
wTich is like lym])h in apperance, but contains no cor- 
])uscles and dilters in composition. The third mendwane 
is the pia mater (L. for tender mother), which is fairly 
delicate and closely invests l>oth brain and s])inal cord, 
supporting numerous blood-vessels taking blood to and 
from them. 

The Spinal Cord or Spinal Marrow is a cylindrical 
mass of nervous matter about 18 inches long. It is con- 
tinous above with the brain, at the foramen magnum, 
and ta})ers bek)w into a filament, the filum terminale (L. 
for end thread). When examined more (‘h^sely a 
longitudinal groove or fissure is observed running along^the^ 
front, and a similar one along the back of the cord (fig. 76). 
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In a (TOSS section (fig. 77) it is seen that these two fissures 
(i aii(] II) are deep clefts by which the cord is divided 
into right- and left halves, coiiiaH^ted by a narrow central 
bridge, vdiich is ti*a versed l)V a narrow central canal (ec). 
Each half is marked externally ]>y two longitudinal 
groov(cs dividing it into anterior (ao), lateral (Lc to ub. 
and posterior (pc) ‘columns’ (hg. 7()). Further in- 

sjjection of a cross section will shoAv that th(‘ (‘ord is not 
ina-de the same kind of material througliout. There 



is an outer part (Consisting of a white sul)stance and an 
internal core of rather darker colour. These two kinds 
of material are respectively knov n as ‘ white ’ and 
‘ g^rey ’ matter, and without guing into detail it may be | 
stated that the former is made U}) (h exceedingly delicate ' 
nerve fibres, the largest of which are not moi'e than yrjVrd 
of an inch in breadth ( 2^ the breadth of a red coipuscle), 

while the latter largely consists of nerve cells, the veiy 
largest of which are about of an inch l>road, and just 
visi])le to the naked eye. Slost nerve cells, however, aic 
smaller than this: a 1 breadth of j-yho of an inch may be 
taken as the average. The grey matter of the spinal cord, 
as seen in cross section, presents an outline which has been 
compared to a butterfly, or to two crescents placed l>ack 
t(y lj m-.k and united by a transvei-se 1)and (fig. 77). The 
liiiwof nds of each crescent may be conveniently spoken of 
as the anterior co^;nu and posterior cornu (L. conm^ 
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horn) respectively. The spinal cord gives origin to a 
large number of spinal nerves, which supjily the neck, 
irunk, lim])s, and part of the head. Each such nerve is 
made up by the union of two b-oots’ or bundles of nerve 
fibres, as shown in hgs. 76 and 77, one placed in front 
and the other at the back. The anterior root (ar) arises 
opposite the anteiior cornu of the grey matter, at the 
junction of the anterior and lateral columns, while the 
posterior root (j^r) takes origin opposite the posterior 
cornu, at the junction of the lateral and })osterior columns. 
Upon this root there is a small swelling or spinal 
ganglion ((j) (Gk. for small tuimmr), in which, as in all 
similarly-named masses, nerve cells are found. The two 
roots unite together in an intervertebral foramen (p. 28) 
to form the trunk {sp) of a spinal neia'e, which almost at 
once begins to give off branches. There are thirty-one 
pairs of spir\al nerves in all, named from the v erteUral 
regions to which they belong. The roots of the lower 
spinal nerves have to run downwards in the spinal canal 
for some time before they get to their intervertebral 
foramina, and, together with the filum terminale, look 
something like a horse’s tail, on which account the collec- 
tive name of cauda equina (L. for horse’s tail) has been 
given to these structures. The nerve fibres wdiich make 
up a spinal nerve begin in the grey matter, as is shown 
in fig. 77. They are then l)ound up by connective tissue 
into the roots, and these are united in the same way into 
the spinal nerve. Some of the upper spinal nerves unite 
on each side into a network or plexus (L. for woven), 
from which the nerves for the corresponding upper liml) 
are given off, and a similar plexus supplying the lower liml) 
is formed on each side by union of some of the lower 
nerves. A phrenic nerve (Gk. phren, midriff) runs back 
on each side from the spinal nerves of the neck to the 
diaphragm. If a spinal nerve is traced to its distribution 
its branches will be found to have two chief destinations, 
(1) to the muscles, (2) to the skin, which thus are^^n- 
nected with the spinal cord, and by its means with 
brain. It must be noted that the gt:ey matter of these 
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organs is the part which gives them a right to he called 
‘ centi'al is, in short, the tissue by which the direction 
and management of the bod}^ are carried on. The grey 
mattei' may be figuratively compared to a complicated 
collection of telegraphic ofiices, some of groatei* and some 
of less importance, the headrpiarters being in the brain. 
Various ganglia lying outside the neural canal altogether 
may be looked u])on as outlying offices, lint just as 
telegraphic offi(*es ai'C placed in communication by means 
of wires so are the various masses of grey matter connected 
with one another, and with other parts of the body, ])y 
means of nerve-hbres. The simile must not be })i‘essed 
too far, and it must not be forgotten that the nerve- 
fibres are alive. When an electric current passes along 
a wire the minute molecailes which make up the wire 
successively undergo some kind of vibration, a kind of 
limited movement which brings them back to the same 
s})ot again, just as is the case with a pendulum. AVhen 
what is called a ‘nerve impulse’ passes along a nerve 
fibre something of a similar kind happens, but its exact 
nature is not known. Most of the nerve-fibres which can 
be traced into muscle may be called efferent fibres (L. 

from: /ere, I carry), l)e(‘ause they carry nerve im])ulses 
from the grey matter; and since these impulses cause the 
muscle to contract, and therefore to move, these fibres 
may further be termed motor. It is found that, if the 
motor nerve supplying a muscle be cut, that muscle no 
longer contracts under ordinary circumstances. Jn other 
words the muscles of the body only do theii* work under 
the direction of the central nervous system. This is 
exemplified in certain injui’ies to the hand, whereby the 
nerves supplying some of the finger muscles are cut 
through, with the result that the power of woi'king those 
muscles is lost. In the case of most of the filjres trace- 
able into the skin, impulses are carried to the central 
organs, and such fil3re« are therefore termed afferent (L. 
df ./o ; few, I carry). Their duty is to convey informa- 
v-tioig SO to speak, to the grey matter, and since the result 
is often a sensation,^! mh,y be of contact or of heat, many 
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of tlicm get the of sensory Tsotiee hei'c, 

]i<3\vever, that all aii'erent fibres are not sensoiy, nor are 
ail clferent fibres motor. 

Functions of the Roots of the Spinal Nerves.- 

The ]>eeuliar (loul)le way in which the s])inal nei'ves arise 
naturally suggest. s that the twm lax'ts are of (litfertmt 
physiological nature, and the follotving expei-iments ])i’ove 
that this is actually the ease. It must b(‘ borne in inind 
that a stimulus (L. sZ/yaa/as, goad) i.s any agency ly w hi(‘h 
nerve impulses are started or modified, and a nerve is 
said to be stimulated w hen such an ageiiev is l)rought to 
])ear iiptjn it. — (1) \Mien bailt roots of a sjhnal neiwe are 
cut, feeling and tin' pow<‘r of mownnent arc both lost in 
the ].)art supj)lied. From this the conclusion is drawn 
that feeling and power of movement are alike de])endent 
upon nerve-su])ply. (2) W hen the aide nor ]’oot only is 
cut the pow’er of motement is lostwdiile feeling remrdns. 
When, on the other hand, the jfos/erior root is cut, feel- 
ing is lost but the [)ow'er of mo>'ement I’emains. The 
conclusion is therefore drawui that the anterior root 
consists of motor fibres and tlte [)()st(n*ior root of sensory 
fibres, the two ro<.»rs uniting together to form a mixed 
nei've, i.e. one in which fibres of both kinds are ])r(‘sent. 
(o) The foregoing conelusions can 1>e rerijied by stimu- 
lating the cut ends of the roots and obsei'viiig the effe<*ts. 
Such stimulation may be mechanical, e.g, by ])iiiching 
Avitli a pai]- of foi'cep.s thermal ly apjdicatioii of heat or 
cold, chemical as ly application of a(;id, or electrical by 
means of a galvanic current. If the prvyiinal end {i.e, 
the one connected with tlie spinal cord) of an uidcrior 
root is stimulated no obvious result folkwvs, but if the 
distal end (/.c. the one connected with the nerve trunk) 
is stimulated contract i on of the muscles at once take place. 
If, on the contraiy, the proxlnial end of a ^^osterior root 
be cut, there will be manifestations of iiain, while no 
obvious result follow's stimulation of the distal end. It 
is clear that, when no obvious effect results from 
lation, an attempt is made to send inpjulses the wUlmg 
imy, while when an obvious result is obtained it must be 
( 
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supposed that nerve impulses are lieing set up in the 
same direction as under normal conditions. In other 
T\a)rils, the fil)res of the anterior root carry impulses 
wards towards the mus(‘les, wliile. tliose of the posterior 
root carry im[)ulses inwards towards the s})inal cord. 
I'lms the former conclusion is horm^ out, that these roots 
are respectively made up of motor 
and sensory fil^ius. ^ 

Muscle-nerve Preparation. , — r---- 

— The action of motor nerves on 
muscles can ]>e rery conveniently „ /***l\v 

studied in what is knorvii as a /A^ 

mnscle-nerve ])r(‘paration front tlie / / yl A 

l)ody of the frog. Jn this and other j l^h'M 

col(i-hlooded animals the tissues | | /\;xl 

remain alive fora long time after |l 

the animal has been killed (]). I -G), | \I |y' 

even when removed from the hody f /\ Ij 

altogiulier. A frog, remhavd in- ;j (\ ;/ 

’sensiliie by etlun*, is killed by ‘ f. \ 

destrnction of the brain or Iw He- ^ 

eajjitation. One of the hind legs ' 

is skinned, and tlie muscles of the 

back of the thigli separated from 

< )ne ai k ) ther. A 1 a rge sciatic nerve S — g 

will then be staai running clos(‘- 

to the femur. This nei-ve is ti-ae(‘d "■ _ 

dotvn into the large calf-muscle p, stumiuf amur; .sr sm- 

(gastrocnemius), to which it gives 

branches. The muscle in <}uestion ' /At'' ; ' 

is dissected out Avith the kwver end 

of the femur to which it is attached above, and with a 


rulini,' brandies 


piece of the sciatic nerve. A muscle-nerve preparation 
(tig. 7^) is thus oldaiiied ifi whicli stimulation of the 
nerve by appropriate means causes the muscle to contract. 
In applying stimulf to the nerve we are, so to speak, play- 
ing the part of tlie central nervous system, and sending 
i^ierve impulses along it to the muscle. 

Functions df tne Spinal Cord. — The spinal cord 
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sei’A’^es as a means of communication ])et^Yecn the lirain 
arid those ])ai‘ts of the body which .are Rii])plied by the 
'spinal nerves. In virtue of its grey matter it is also 
able t(^ do independent work in bringing about what aj-e 
known as reflex actions, the nature of which will be 
explained in a subse(pient paragrapdi. 

That the cord conducts nerve impulses to aiid from 
the brain is ])ro\'ed ])y cases whei'c it has been divided 
or badly ciaished (as when the back is dn-oken’ by a.n 
accident) so that the part of it below the injury is cut 
off from the brain. In such cases feeling and power of 

movcmient are lost in 
those parts which receive 
their nerve-supply from 
the piece of cord so dis- 
connected. 

Eeflex actions are those 
which result from the ap- 
plication of a stimulus 
and are independent of 
the will. The neiuous 
apparatus necessary for 
the performance of such 
an action consists of d 
parts: (1 ) an afferent nerve ; 
(2) a nerve-centre, ?>. a 
group of nerve-cells acting 
together; (3) an efferent 
nerve (fig. 79). A good example of reflex action is the 
drawing up of the leg which takes place when the sole of 
the foot is tickled in a sleeping person. In this case the 
sensory nerves of the tickled skin represent (1), part of 
the grey matter of the spinal cord constitutes (2), and the 
motor nerves of the muscles concerned correspond to (3). 
As the result of tickling nerve impulses are set up in (1), 
travel to (2), and are, so to speak, ‘rl3flected ’ downwards 
along (3). Reflex actions like the one described cand)e 
effected in cases of broken back, thus proving that tne 
spinal cord is able to do certain work without the aid 
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of the brain. The student must, however, he cautioned 
against supposing that what takes places is the sim])le 
transmission of a nerve impulse, for no doubt this inr- 
pulse is modified to a greater or less extent by tlie 
structures through which it passes. 

The grey matter of the spinal cord can l^e mapped 
out into a very laige number of nerve-centres, which 
have special duties. These centi’es are, however, all 
connected together, like so many telegraphic offices, and 
when necessary can co-operate together in various ways. 
Here again tlie frog is a very convenient animal upon 
wliich to demonstrate. After destruction of the brain 
the frog is hung up by the lower jaw, and in a few 
seconds remains (piite motionless, and would do so till 
all the tissues died if external stimuli were not brought 
to bear upon it. If, now, one of the toes is pinched the 
leg is (IraAvn up. A small piece of blotting-j)aper, soaked 
in dilute acid, is next placed on the skin of the back and 
sensory nei'ves thereby stimulated. Movemeiits of the 
'legs follow, directed to the removal of the ])iece of pa 2 )er, 
and if this is not at once effiected the movements become 
more vigorous, and spread to other parts till the whole 
body is convulsed. Physiologically ex])rcssed, a larger 
and larger number of nerve-centres work together for 
the same end; the muscles controlled by these centres, 
through motor nerves, being brought into action. (Cp. 
ti^79.) 

O'he Brain (fig. 80) is the most important organ in 
the body, and as such it is not surprising that its struc- 
ture should be exceedingly complex. It consists of (1) 
a central axis^ which may be considered as an enlarged 
continuation of the spinal cord, (2) of large outgrowths 
from this axis. These outgrowths are so large that 
they overlap and very largely conceal the axis^ 

(1) The Axis of the Brain is divisible into 3 parts, 
as follows; — (a) The medulla oblongata (L. for oblong 
marrow) or spinal bulb, the lower end of the axis, and 
therefore directly continuous with the spinal cord which 
it resembles in* strdeture, consisting like it of white 
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matter externally and grey matter internally. Its n])])('r 
-end ivS, liOAvever, very much larger than the cord. 
^IVithin the hull) there is a good-sized cavity, the 4th 
ventricle, continuous with the very narrow ccntial 
canal Avliieli runs along the centre of the cord. (/>) The 
mid brain, a small region containing a narrow tubular 
cavity, the iter (L. ite}\ road) continuous with the 



Fig 80 .— ^iledian Lougitudinal Section of the Brain. 

A A. Left f'evr^'i il I'.'-irii'i.lnTi : n, .riin- .•nlloa'iin ; c, ’twixt Brain; dk, medulla oldun- 
gatu; ■« liuiii, : li-- cut riiiici «l.iOi "ii i\vs the arliur \ ita’; n, optic lobc«. 

4th ventricle. The roof of this cavity is raised into 4 
small rounded elevations, the optic lobes, while its 
floor is thickened into two longitudinal masses of white 
matter, known as the crura cerebri (L. for legs of the 
brain). Grey matter is present round the iter, and in 
the optic lobes, (r) The ’twixt brain, a larger region 
constituting the top of the axis. It contains a vertical 
slit-like cavity, the 3rd ventricle, continuous below with 
the iter. The side-walls of this cavity are called the 
optic thalami (L. thalamus^ bed), and a good deal of 
grey matter is contained within them. 
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(2) Outg^rowths. These nrc (ji) the cerehellum, and 
(h) the cere])ral hemispheres. 

(tf) The Cerebellum (L. for little brain) is a largm out- 
growth from the ]>ack of the bulb, and its surface is 


marked by very numerous fissures which extend for a 
long way into its substance. When the cerebellum is 
cut through it 


found that 




most of its grey 


k tjk 

matter forms a 



surface layei' or 

if A 

i il 


<Tnst, which fol- 
lows the com- i 
])lex fissures 
and gives rise 
to a tiH‘e-like 
ap])earauc,e (ar- , 
bor vitae - L. ! 
for tre('- of life). / 
This layer is ^ 
the cortex (L. 
for l)ark) of 
the cert'bellum, 
and tlie fissui’cs 
are to be re- 
garded as a 
means of in- 
ci ‘easing its ex- 
tent within 
small ])ulk. 


I 





Fig. 81 .— Vie-w of Uppor Snrffirc (jf t.lie Rram. 

, Gre-it longitudinal fissure; nu. ccrerral hemispheres. 


{h) The Cerebral Hemispheres, together forming tlie 
Cerebrum, are outgrowths from the ’twixt brain. They 
are of very large size, and this is chiefly why the human 
brain differs so markedly in appearance from that of a 
rabbit, or still more from that of a frog. They make up 
tile greater part of tile braiu, and are flattened where they 
abut against one another, hut strongly curved elsewhere 
(%. 81). The exterior of the hemispheres is marked by 
very mimerous winding grooves, having a complicated 
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arrangemGrit T]i(‘ rounded elevations l)etweon these 
^ grooves are termed the cerebral convolutions, and owing 
To theii' presence the hemis])heres possess a surface much 
greater than A\'ould otherwise he the case. Each hcmi- 
sphei e contains a relatively small cavity of complicated 
shape, known as a lateral ventricle, and communicating 
1)V a small hole witli the 3t*d JJ^entricle. As in the case 
of the ccrelicllum, the gre)" matter of the hemispheres is 



chiefly pi’esent as a surface layer, and tliis cerebral cortex 
is greatly increased in extent hy the presence of convo- 
lutions. Below the cortex comes a large amount of 
white matter, iml)eddod in which are some comparatively 
small masses of grey matter. The two hemispheres are 
connected together across the middle line hy a hroad 
hand of white matter known as the corpus callosum 
(L. for hard body). 

The white matter of the various parts of the hrain just 
described consists of an immense number of nerve-fibres, 
ser^ing to connect together the different tracts of grey 
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matter, ill which it has been estimated that there ai‘e some 
miliioiis of iieiA'e-cells. These are grouped into a very 
large number of nerve - centres, performing different 
offices. 

Cranial Nerves (hg. <^2). Twelve pairs of nerves 
are given oii‘ from the brain. They are as follows: — 


Name 

i>t tihreH ' 

Ai ise from 

I. Olfactory 

.'^en.sor 3 - * nerve c>f smell 

cerebral 

hem. 

n. Optic 

seii'iojy nerve of .sig-ht 

'twixt and 
mid brain 

III. Oculomotcr 

motor nerve for most eyeball 

mid brain 


mu.'^eles 


IV. Pathetic 

motor , nerve for one of the cj'eball 

mid brain 


! mnseles 


i V. Trigeminal 

mixed ' .'^en.'^oiy n. for .skin of fare, j 

bull) 

part of month and nose, i 
1 and teeth. Motor ii. for ' 




! jaw mnseles j 


VI. Abducent 

motor ^ nerve for one of the eye1)all i 

bulb 


mnseles 


1 vir. Facial 

motor nerv'e for muscles of face 

bulb 

VI ir. Auditory 

sensoiy nerve of hearing- 

bulb 

IX. Glosso- 

mi .ved nerve of tastet 9 motor ii. 

bulb 

1 pharyngeal 

! for muscles of [ihaiynx , 


X. Vagus 

mixed i sends braiichos to larynx, J 

bulb 

j heart, lungs, liver, ami ^ 
1 .stomach 


j 

! XI. Spinal 

motor nerve for some of the nock 

bulb 

i Accessory 

muscles 

i 

i XII. Hypoglossal 

motor i nerve for muscles of tongue 

1 bulb 


It will be seen from the aliove that the cianial nein es, 
unlike the spinal ones, differ very much from one another 
in function, some being purely motor, others purely 
sensory, and only three of them mixed. They take 
origin from the grey matter within the brain. 

Functions of the Brain. — Experiments similar to 
those described on page 135, show what a frog, deprived 
of its brain, is able to do by means of the spinal cord 
alone. The statement of what it can not do will give a 
rough idea of the functions of its brain. It must lie ex- 
plained that those actiolis are conveniently named spon- 
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taneous or automatic which start in a nerve-cciitre as the 
result of internal stimuli, and arc not, like reflex actions, 
lirectly dependent on stimuli atiecting aflerent nerves. 
Such of these actions as depend on what we call ‘will’, 
are termed voluntary. A hrainless fi'og is iiica])alik‘ of 
pt‘rforming any voluntarv actions, and apparently una])l(‘ 
to ehect any other kind of s])ontaneous action. It cannot 
feed, hreathc, croak, swim, or cra,wl, eillu'r s])ontaneously 
or as a. result of reflex aciioii, nor can it even suppoi’t 
itself up<tn its liinhs. It may, therefore, ]>e concludetl that 
all the most complex activities of the body dep^md upon 
the hrain, a,s do the posst^.ssion of will, ])owei’ of feeling, 
and intelligence. The same thing appears to he true of 
the higher animals, such as cat, dog, and lahhit. and of 
ourselves, with this linutation, that the s]>iual coi'd has 
a limited power of giving ris<‘ to s]K)iitaneous though jjot 
to voluntary actions. 

Division of physiological labour in the Brain. 

— Even without olKst'rvation and ex])erinient, the (Com- 
plex strueture of the hi-ain would lead us to susjieet that 
its woi’k is subdivided aiinmg its various pnrts (]>. 13). 

The bulb gi^'cs i*ise, as will have been notieed, to the 
grc^iter numlKT of cranial nerves, and this is eorrelatcd 
with its very groat fnnetional importance. It acts (1) as 
a conductor of nerve impulses between the spinal cord 
and other ])ai'ts of the brain; and (2) it contains a nnne 
})er of im])ortant nerve-centres, largely of reflex natnn'. 

With regard to the built as a conductor, it need only 
be noticed that the nerve-fibres of its white matter c/css 
orrr from one side to the other; from which it follows 
that injury of one side of the hrain often results in 
piralysis of the opposite side of the body. 

The chief nerve-centres in the bulb are those whhdi 
work the movements of respiration, regulate the action 
of the heart, control the vaso-inotoi* nerves, and bring 
about coughing, sneezing, and swallowing. The respira- 
tory centre is situated just ])elow the floor of the 4th 
ventricle, and its importance is shown by the .fact that, 
when it is injured, hi'eathing at once stops, and death 
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ensues. There Jire siibordiiirtte centres in the s])inal cord 
which work undei- its control. Under ordinary circuni- 
stances, this centre apjtears to be automatic, working* 
independently of inijiulses conveyed along afferent nerves, 
bnt varying its action according to the state of the blood 
circulating in the vessels of the laill). The phenomena of 
asphyxia (]). 113) dejiend upon this. The blood in (pu\s- 
tion ipiickly ]>ecv)nie'< inipui-e, and this fii-st stimulates 
the centre to increased activity, so that the movements 
of respiration become more violent in the attem])t to get 
more oxygen and g(ff lid <4’ the accumulating caihon 
dioxide. The cmitre, is then exhausted, as a result of 
these unusual efforts and tha poisonous influence of the 
ini])ure blood. The Inunclus' of the vagus nerve (L. 
rages', wandering — in reference to its long course) whiidi 
supj)ly the respii-atory organs, consist mainly of/affereut 
tibi'cs conveying nerve ini])ulses to the respiratory centre, 
which accelerate, or retard, or even stop its action. The 
ceidre must be regarded as a reflex one in so far as its 
action is influen<*ed by these- afferent impulses. 

The mid brain and 'twixt brain act as a means of 
communication between the bulb ami cerebellum on the 
om‘ hand, and the. eerehral hemis})h(U*es on the other. 
They also, in virtue of theii* grey matter, have to do 
with vision. 

Functions of the Cerebral Hemispheres. — 

What the brain of a. frog is able to do as a whole has 
ali'eady been stated (p. IdO), and it ajipears that a very 
great deal can be done by the ])raiii minus the hemi- 
spheres. 

Frogs, from which the hemispheres have been care- 
fully removed, have lieen kept alive for many mouths 
and subjected to observation and experiment. Such 
ail animal, unlike one from which the entire brain 
lias been i-enn^ved, is aide to su|)|>ort itself u})on its 
limbs and to breathe .normally. The circulatory organs 
do their work properly, and so do the digestive organs, 
if food is placed in the mouth. Complex actions, like leap- 
ing, crawling, swin^miirg, and croaking, can all be carried 
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out, but only hy reflex aefion a.s the result of tlio application 
of external stimuli. Left to itself, how ever, the animal 
^does not move, and shoAvs no signs of intelligence. 
Nor is thei’e any reason to suppose that it can ‘feel’, 
in the ordinary sense of the wmrd. The conclusion is 
therefore I'eached that ‘Avill ’, intelligence, and feeling 
or sensation depend u})on the presence of tlie hemi- 
spheres. They, too, possess the power of sto[)ping or 
inhibiting (L. inhibeo, 1 restrain) reflex mo^'emeuts tliat, 
Avhen they are removed, always take ])lace after certain 
stimuli have been a})plied. Thus, wdum tlu' hemisjdiercs 
are gone, the frog can unfailingly be made to craA\ l up a 
l)Oard on Avhich it is ])laced, by slanting the l)()ard so that 
it w^ould otherw'isc slip off. But })lace an uninjured fi'og 
on a board and do the same ; the result is (piite uncer- 
tain. Ten to one the animal lea])s atvay. 

One must, luuvevei*, be cautious in applying to liigher 
animals results obtained from the frf»g, and it must be 
remembered that the cere])ral hemispheres Av^ork in the 
closest harmony Avith the other parts of the brain. 
But it is quite safe, nevertheless, to regard them as con- 
taining the supreme iierA'e-centres. 

Cortex of the Hemispheres. — The grey matter 
making up the cortex has been mapped out into nerve- 
centres, some of Avhich are ‘ motor ’ and some ‘ sensory ’. 
The former have to do Avith initiating A'oluntary move- 
ments, and the latter are concerned Avith smell, hearing, 
sight, &c., as Avill be explained in the next chapter. 

The central part of the Sympathetic Nervous System 
consists of tAvo cords, situated one on each side of the 
backbone, and dilated at interA^als into sympathetic 
ganglia or collections of iierA^e-cells. By means of 
cross-branches these ganglia are connected A\uth the 
spinal and some of the cranial nerves. There are other 
important sympathetic ganglia besides those descri])ed. 
The sympathetic nervous system supplies the internal 
organs and blood-vessels, Avhich it controls and regulates 
to some extent independently, but subject to the control 
of the brain and spinal cord. 
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General working of the Nervous System. 

Examples have already keen given of reflex actions for 
some of which the nerve-centres lie in the spinal cord, 
while for others they are situated in the brain, it 
remains to be said that a large number of vrrij co/iLjtle.n 
reflex actions are continually being peiformed, which 
may be called acquired reflexes, since they were, to 
begin with, only effected by constant attemjits under the 
direction of the will. For instance, a boy sees a bun in 
a shop window, goes in, buys, and eats it. Here we have 
an extremely elaborate set of actions. Sensations of 
sight, started hy the stimulation of the retina by the 
image of the bun focussed there, lead to changes in the 
grey matter of the ]>raiu of unknown but no doubt veiy 
complex nature. These again lead to the ])aT*tly vohui- 
iari/ movements of walking into the shop, buying the 
bun, and carrying it to the mouth ; involving the action 
of various nerve-centres, efterent nerves, and muscles. 
l)Ut the details of these actions, the various movements 
of legs, arms, and jaws are largely effected without any 
effort of the will as the result of external stimuli, ejj. 
contact with ground, bun, ckc., and are therefore reflex. 
They are also acquired reflex actions — a new-l)orn child 
could not carry them out. 


CHAPTER X. 

THE SENSE ORGANS AND SENSATION. 

We are, when awake, in what may be termed a con- 
scious state, that is, we ai-e more or less aware of what 
is going on in and outside of our bodies. The opposite 
is the case in profound sleep, or during a dead faint, 
when Ave are said to be unconscious. Our aAvareness 
of current events is due to constant alterations or 
changes in our stale of consciousness, to Avhich the 
name ‘ feelings ’ or ‘ sensations ' (L. sens us, faculty of per- 
ceiving external objects) may be applied. 
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Thus we may speak of seiisatioiis of pain, hunger, 
warmth, contact, <Krc., whil(‘ the various smells, tastes, 
sounds, and sights we smell, taste, hear, and see are 
examples of the same diing. All sensations result from 
molecular changes in the grey matter of the brain, 
])]’t*ceded in the ordinary course of things Iw ner\e 
impulses conveyed ta the brain along sensory neiTe- 
tibres. Thus, sensations of ]>aiu arise (}>. l.')i!) if, in a 
spinal nerve, the central stunpj of tlie cut doi*sal root be 
stimulated. Tlie part of the bi“ain’s grey matter in- 
volved in sensation is the cortex of the hemispheres. 

Sensations art^ c)f two kinds, general and special. 
General sensations are those; whicli, like hungei’, thirst, 
fatigue, (Vc., give infoimation about the condition of the 
body, but give no diiect infoi-mation about our sur- 
roundings. Special sensations, on the contrary, let us 
know what is going on outvside ourselves, and here are 
included the ‘ live senses ’ of touch, taste, smell, hearing, 
and sight. These special sensations have a great deal in 
common, and it will be convenient to take them first. 
Their importance is obvious, as without them, or some 
of them, it would ]>e impossible to live Avithout constant 
aid from others. And again, the training of the special 
senses is of enormous im})oi‘tance in education, es]>ecially 
in its earlier stages, Avhile Avithout them communication 
between one mind and another avouIcI be, sa> far as we 
know, imj)ossible. 

All s])ecial sensations invoh^e three things — (1) a 
sense-organ, the essential ])art of aaTIcIi consists of sense- 
cells or end-organs ca})able of being acted upon by one 
or more pai’ticular kiiuls of external stimulus; {'!) a sen- 
sory nerve, the fibres of Avhich are continuous with the 
sense-cells; (3) one or more sensory nerve-centres in the 
brain. The external agent or stimulus is in a state of 
viliration (]>. 131), and it ‘acts upon’ the sense-cells by 
throwing their molecules into a state of vibration. The 
changes taking place in the rest of the sensory apparatus 
are also of the nature of molecular vibration. Just as 
in buildings there are special arrangements, such as 
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knockers, ])ells, speakiii^-tukes, telephones, windows, 
hy means of which th(3se inside can ohtain more or less 
accninte knoAvledge of what goe^' on outside, so in tke 
IkxIv, senseo.n-gans are present for a similar jmi'pose. 


SENSE OF TOUCH. 

The sense-oi-gan of touch is the skin, together with the 
linings of the mouth and cavities of the nose. As to the 
end-organs of the skin a good deal of uncertainty exists, 
hut there can be no doubt that some ^ 

sc'iisations of touch begin in touch 
corpuscles (fig. 83). These are ovoid ^ 
bodies, about -..E^ of an inch long, 
foiind in the p^ipillae of the dermis 
(p. liC3) in certain ])arts of the body 
Idiey are particularly numerous in yT-. -llx 

tile palms of the hands and soles of 'A' 

the feet, and it has been calculated 
that in the‘ finger-tips about 50 of \j \ 
them occur within an area of an 
inch spnare. They are also abundant s 

in the tip of the tongue. Such a cor- > ^ i ' • ' ■ 

puscle is an aggregate of numerous \ 

epithelial cells, and a couple of sen- Fi^r. so -Mii-mfiod vk-w 
sorv nerve-fibres come into close rela- 
tion with it. It may be emphasized 
here that all the end-organs belonging to the special 
sense-organs are modifications of epithelium. 

The sensory nerves foi- touch are the trigeminal for 
most of the head, and the sensory parts of the s])inal 
nerves for the rest of the body. These nerves branch 
up in the skin, and the trigeminal also sends branches 
to the lining of the nasal cavities and mouth, and to the 
pulp of the teeth (p. 59). 

Sensations of ^Touch. — These result from the 
a(Uion of three kinds of stimuli — (1) contact, (2) pres- 
sure, (3) changes of temperature — which give rise to 
corresponding sensations. 

( M 20 ) K 
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(1) Sensations of Contact result when the skin 
touches, or is touched ])y, external objects. Vibrations 
are set up in the end-organs, as a result of which affer- 
ent impulses travel along the sensory nerves, and as 
a further and final ]‘esult part of the grey matter of the 
cortex undergoes changes, and then, hut not till tliev, the 
‘sensation’ of contact arises. One or two important 
points with reference tf) this and all other kinds of special 
sensation require to be noticed here. (1) If, say, the 
}) 0 (ff^ you are reading is touched with the tip of your 
left forefinger a sensation of contact follows, and, if 
asked to state wltat you feel and iclicre you feel it, you 
would })robably say that you expcaaeuced a feeling of 
smoothness, or it might be roughness, in the Jinger-tip. 
In other words, the sensation is suppose<l to take ])lace 
in the soisf.'-orgon. But, in reality, the sensation takes 
})lace in tho hndn, and it is only as the result of expei’ience 
that we learn to localize sensations in the sense-organs, 
and to realize that they teach us something about our 
surroundings. There is no reason to think that a new- 
born child understands the meaning of its sensations 
developed as the result of the action of various external 
stimuli. Take the case of an electric bell placed in an 
inmu’ i‘oom and made to ring by })ressing a stud on the 
fi‘ont door. If a savage, who knew nothing of such 
arrangements, were placed in this room and the bell 
rang, he would not realize that the sound had anything 
to do with the outside of the house. But the same 
savage, after undergoing a certain amount of training, 
woidd soon learn, when he heard the same sound, to 
think at once of the stud, and to know that someone 
was pressing it. The bell Avould no longer be thought 
of. Call the house the l;>ody, the stud a sense-organ, 
the wire a sensory nerve, the bell a sensory nerve- 
centre in the brain, the sound a sensation, and the 
savage the mind, and the force of, the illustration will 
appear. (2) It will now be understood that a sensation 
gives no information about external things, except when 
compared by the mind with past experiences of the 
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same kind. It naturally follows that if a new experience 
yn’oduces the same sensations as an old experience we 
shall 1)0 deceived, and think the new experience is oiiify 
aiKjther sample of the old one. Thus, if the second 
finger is crossed over the first, and the tAVo finger-tips 
are then applied to the tip of the nose and moved alxrat 
a little, the result aauII he a distinct impression that the 
nose has two tips! This is because one small body is 
touching parts of the skin which, under ordinary circum- 
stances, can only be touched at the same time by two 
small bodies. 

Acuteness of the Sense of Contact in difi'erent regions. 
This has been estimated by taking a pair of compasses 
Math blunted points and finding, for difier(mt regions, the 
smallest distance apart at Avhich the ])oints gave ]ase to 
two distinct imy)ressions. Some of the results, in flec- 
tions of an inch are as folloAvs: — Tip of tongue, tip 
of forefinger, yk ; red surface of lower lip, ; tip of nose, 
jialm of hand, -|k-; liack of hand, 1,1; middle of 
thigh, Lk‘. It ayipears from this that those ])a,rts aie 
most sensitive Avhich are actively used in touch. And, 
as might be e.xyiected, such parts ai'c the best oil' as 
regai'ds sensory nerves and end-organs. Another kind 
of sensitiveness goes Avith this, i.e. knowledge as to the 
exact position of the point touched. 

(2) Pressure Sense, — Sensations of pressure aiase 
Avhen Aveights are laid upon the skin, and it is possible 
in this Avay to tell, AAnthin certain limits, Avhich is the 
heaviei’ of tAvo given AA^eights. The forehead and back 
of the hand are among the most sensitive jiarts in dis- 
tinguishing small pressures, AAdiile the fingers and back 
of the foot appreciate most readily small differences 
betAveen Aveights. 

(d) Temperature Sense. — If the temperature of the 
skin is raised a sensation of ‘heat’ results, but if its 
temperature is loAvared the seiisati(.ni produced is one of 
cold. The parts most sensitiAm in this respect ai'c ; tip 
of tongue, eyelids, cheeks, lips, and neck. 

There is reason to* believe that sensations of contact, 
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pressure, and temperature result from the stimulation of 
different end-organs and different sensory nerves. One 
rc^ison for thinking this is that <any particular part is 
not erpially sensitive to the three different kinds of 
stimulus. 

SENSE OF TASTE. 


The tongue is the chief oigan of taste in virtue of 
special sense-cells helonging to the stratiffed epithelium 
by which it is covered. The surface of the tongue is 
raised into three kinds of minute projections or ])a])illae 



Fig 84. — Sectum of Oir< uinvall;ito Papillie of tlie Tongue— highly niaguifit il 

I A, Section of the central p,i]>ilhi; 11 L, fcection of the surrounuiug ( loiati'iii : Pn, pa- 
pilla of the true skill ; la,\cr of stratified squamous epithciuuii ; T. taste huds 
II and III represent very highly inaguified I'leivs of cells <d tlie ta'tc hiuL 


— (1) Filiform papillae {h. filum, thread ; /er?/?e, shape) 
which are the most numerous. They are cylindrical in 
shajie, and about yV <>f an inch long. (2) Fungiform 
papillae, shorter, broader, and much less numerous 
than the preceding. Thej^ are somewhat mushroom- 
shaped, hence their name (h. fm\gu^, mushroom; fp'iiia), 
and may often be detected as bright red s})ots. (3) 
Circumvallate papillae, which are the largest and least 
numerous kind, there only lieing aliout a dozen of them, 
arranged in the form of a liackwardly-pointing V on the 
hack of the tongue. Each is surrounded ])y a deep groov e, 
and this again by a ridge (L. dmim, around; valla}ii, wall). 

The end-organs of taste are slendfer taBte-cells (fig. 84), 
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contained in oval taste-buds imbedded in the epithelium 
of the fungiform and circumvallate papilhe. 

The sensory nerves for taste are usually cousiderefl 
1)0 (1) a lingual branch of the trigeminal, supj)lying the 
front part of the tongue ; (L^) the glosso-pharyngeal nerve, 
supplying the back part of the tongue. The taste-cells 
are probably continuous with fibres uf the latter. 

Sensations of Taste. — Some of what we rail 
"tastes’, in the ordinary sense of the word, are due 
to the fact that the tongue is also an organ of toucli, 
while others, es])ecially those called ‘flavcjurs’, depend 
more or less on the sense of smell. A person suifering 
from a cold in the head often complains that his food is 
Tasteless’, the fact of the case being that he can taste 
])ut not smell as usual. That it is possible to smell the 
food ill the mouth will be realized if it is remembered 
that the nasal cavities communicate with the p)hai‘\mv hy 
means of the posterior nares (p. 00 ). ‘Burning’ tastes 
are examjiles of tastes de])ending on the sense of touch. 

From a physiohigical standpoint the only true tastes 
are those known as sweet, bitter, salt, sour or acid, and 
alkaline (taste of saltpetre). Tast<^s of this kind cannot 
arise unless the substances producing them are in a state 
of solution. This can easily be shown by wi])ing the 
surface of the tongue quite dry with a handkerchief and 
placing a crystal of sugar upon it. No sweet taste will 
be experienced until the tongue gets damp again and the 
sugar begins to dissolve. 

There are very probably different end-organs for differ- 
ent tastes, as in most cases the tip of the tongue is most 
1‘eadily affected ly sweet and saline .substances, its sides 
by acids, and its back by bitters. This view is further 
supported by the fact that by chewing the leaves of a 
certain Indian plant {Gijmnehui sijlcedre) the ])ower of 
ta.sting sweets and bitters is for the time being lost, while 
otlier tastes are unaffected. 

Differences of opinion exist as to whether the lingual^ 
or glosso-pharyngeal is the nerve of taste, or whether both 
assist in this sense. "Disease of one tiTu'minal leads to 
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loss of taste in the corresponding half of the tongue, hut 
no such result follows disease of the glosso-j)haiTng{^a]. 
R' om this it may l)e concluded that the former is the true 
nerve of taste, and the glosso-pharyiigeal hl>res >vhic]i 
supi)ly taste-cells probably lielong to it. It is no unusual 
thing for til)j‘es fi'om the root of one nerve to ])ass over 
into another nerve. 

The tongue is not the only organ of taste, for tastp- 
l)uds are also found in the epithelium covering the soft 
palate. 

What has already been said a1)out sensations arising 
in the brain, as tlie result of vibrations set up in sense- 
cells and sensory nerves (p. 14C), a})plies to taste as well Jis 
to t(mch. Substances in solution are known to ]>e in a 
state of molecular vi1»ration, and this is communicated to 
the taste-cells, llie organ of taste has been aptly dc*- 
scribed as a sentinel placed at the ].)eginning of the 
digesti^'e tube. 

SENSE OF SMELL. 

The nose is usually called the organ of smell, and this 
is true in so far as part of the epithelium liniiig the nasal 
caadties contains the olfactory end-organs. Each nasal 
cavity communicates with the exterior by a nostril or 
external naris, and with the pharynx ;it the back by one 
of the posterior nares. The cavity is largely Ijlocked up 
by the three turbinated bones which project from its 
outer side (fig. 85). It is lined by mucous membrane, 
the extent of which is increased In^ the presence of these 
bones. The lower part of the cavity merely serves as a 
passage for the breath, and is therefore called the re- 
spiratory portion, while the upper part constitutes the 
olfactory portion. This latter region is lined by yellow- 
ish epithelium, containing numerous slender olfactory 
cells, which are the end-organs for smell. 

The sensory nerve for smell is* the olfactory, the 
branches of which pass through the holes in the cribri- 
form plate, and divide up in the olfactory mucous mem- 
brane (fig. 85, 1), their fibres Tiltimately becoming 
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continuous with the olhictory cells. The lining of each 
nasal cavity is also supplied by branches of the trigeminal. 

Sensations of smell are produced when certain ga^s 
or vapours come into contact with the e[)itheliuni lining 
the nasal cavities. ^Vhat are called ‘smells’ in ordinary 
language are not all of similar physiological nature (cp. 
p. 149). For example, pungent smells, like that of smell- 
ing-salts, are brought 
aJ>out l)y the stimula- 
tion of end- organs 
connected witli the 
libres of the trige- 
minal, and may be 
looked upon as due 
to a refined sense of 
touch. True smells, 
stimulating the olfac- 
tory cells, may ]>e 
classified as fragrant 
or the contrary. To 
the former belong the 
odour of musk, la- 
vender, and the like ; 
to the latter, putrid 
and other unpleasant 
odours. ‘ Snithng 
in order the Ijetter to 
perceive any given 
smell, draws the odorous gas or vapour into the nasal 
cavities, where it comes into contact with the end-organs 
of smell. 

The organ of smell guards the beginning of the breath- 
ing passages, and warns us against foul-smelling air, 
which is generally more or less injurious to health. This 
is one reason why we should breathe through the nose,, 
another being that the air is both filtered and warmed in 
passing through the complicated nasal cavities, the 0 })en- 
ings into which are protected by stiff hairs. In this way 
a good deal of dast c^n be kept out of the windpipe and 



Fig 85 — Distributio" f X- r ■ 
of Left Nasal . 


1, Branches of nerve of smell— olfactory nerve; £ 
3, 7, J), trigtnniual branches to nasal cavity ; 4, 5, 6 
ditto to palate. 
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its branches, and there is less danger of chilling, M'ith 
cold, cough, or sore throat as the result. The organ of 
s»udl is also a check on the digestive organs, preventing 
us, c.g., from eating such harmful sul)stances as putrid 
meat. The ^flavour' of food (p. 11:1)) is due more to 
smell than taste. 


SENSE OF HEARING. 

It will have been remarked that the delicate end- 
organs of touch, taste, and smell IvdYC n more (jr less 
sheltered position, and the same is true in a much greater 
degree for the complicated and extremely delicate struc- 



Fig. 8G.— Mode of rropagatioii of a i’uise. 


tures which make up the essential part of the organ of 
hearing. These structures are, in fact, situated within a 
cavity hollowed out in the densest part of each temporal 
bone. 

The stimulus giving rise to sensations of hearing con- 
sists of to-and>fro vibrations, or ‘ pulses ’ of the air, set 
up by sounding bodies, such as bells, tuning-forks, or the 
larynx. Fig. 8G is a juece of apparatus designed to 
explain the meaning of a ‘ pulse A number of Acooden 
balls, with pieces of spiral spring between them, hang 
from a wure. If the first ball is struck the first piece of 
spring is compressed, and in lengthening again pushes the 
first ball baclvAvard and the second ball foiuvard, thus 
compressing the second piece of spring, and so on. In 
this way a to-and-fro vibration travels on till the last Ijall 
is affected. Something like this hkppens when a sound- 
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ing ])ody, say a straight spring held in a vice (fig. 87), is 
made to produce a sound. It vibrates to and fro, and 
this vibration travels from it, through the aii’, as souni- 
waves. 


The organ of hearing cc 

ing part, by means of 
which vilirations in tlie air 
are transmitted to (2) the 
essential auditory struc- 
tures, containing the end- 
organs of hearing and sup- 
l)lied by the auditory 
nerve, which is the sensory 
nerve for this sense. 

The Sound -conducting 
part (fig. 88) is necessary 
owing to the fact that tlie 
essential parts ai'e placed 
so far from the surface of 
the l)ody. It includes the 
regions usuallj^ known as 
the external and middle 
ears. (1) The external 
ear consists of (a) the outer 
flap, to which the name 
‘ear’ is given in ordinary 
language, while technically 
it is known as concha (L. 
for shell), and (b) a slightly- 
curved passage, the exter- 
nal auditory meatus (L. 
meatus, passage), which 
runs into the head for a di: 


;s of (1) a sound-conduct- 

D ' B n " 



Fig. 87.— Vi1)r!ition of Straight Spring. 

The free end D atvsni ■ 

tions »' and v". J i- m-, : ■ '..xr-. 
a vice A. 


}ance of rather more than an 


inch. (2) The middle ear consists of the tympanic 
cavity (L. tympanum, drum), or ‘drum’ of the ear. and 
of structures connected with it. This cavity is se})arated 
by a firm tympanic membrane from the external audi- 
tory meatus. It is largely bounded liy the temporal 
bone, and communicates with the pharynx by means of 



Three mtle l>one^ *;!!f,„ed, from 

t^o Eustacton ''’“"fWetet across 

Isitorv ossicles (L. »•' , swmi>, j to 

the drum. 1 



"’"‘"Tu the foot-pl^^ oi 1 ^ 

,nic memhTane, "'hite th^ ty^^pamc Bar 

I fek h' *\5®Story 8tr^®*S 

fi^ip.r\ tViouglit 
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of as being simple in shape (fig. 88, i;). The coif 
taining cavity is separated by bone from the drum 
except in two places, known as ‘ windows ’ or fenestrse, 
which are filled up with ineml>rane, or otherwise tlie 
perilym})h would escape into the drum. The upper 
window, on account of its shape, is known as the fenestra 
ovalis (L. for oval window), and the stirrup foot-plate is 
fixed into its membrane. The lower 
window, ].)eing round, is called the 
fenestra rotunda (L. for round window). 

It remains to l>e added that the laig is 
lined by e])ithelium, which at certain 
s])ots contains numei'ous slender audi- 
tory cells {'fig. ‘JO), each provided with 
one or more ^auditory hairs’ pi*ojecting 
into the eiidolymph, in which are sus- 
})ended minute calcareous particles or 
otoliths ((Jk. ouSy otOs^ car; lUh(l% stone). 

The auditory nerve runs from the brain 
to' the bag, and its fibres in all prol)a- 
bility become continuous with the audi- 
tory cells. 

We are now in a position to understand how Sensa- 
tions of Sound are started. Sound waves, collected to 
some extent by the concha, travel along the external 
auditory meatus, and cause the tympanic membrane to 
vibrate. By means of these vibrations the auditory 
ossicles are moved, and the foot-plate of the stirrup 
pulls the membrane of the fenestra ovalis backwards and 
forwards, so that waves are set u]_> in the perilymph. 
From this vibrations pass through the wall of the bag 
and affect the endolymph, hy the movements of whicli 
the auditory hairs and cells are caused to vibrate so 
as to stimulate the fibres of the auditory nerve. The 
impulses, passing along the nerve to the brain, affect the 
grey matter making up the sensory centres for hearing 
situated in the cerebral cortex, and sensations of hearing 
are the result. The path taken by the vibrations in- 
volved in this sen^e is* therefore as follows : — concha — 





3, 2, Il'iniiner: li, -3, , 111 - 
m 1, T', '•tirrup, till- 

Ttu 

lits into the fciiesti.i 
OMilifc. Another \ 
of the stirrup is given 
above. 
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external auditory meatus — tympanic membrane — audi- 
tory ossicles — perilymph — endoly mpli — auditc )ry liai rs — 
i^Aiiditory celis—auditory nerve — brain. Sounds can also 
reach the auditory 1>ag by transmission through the 
bones of the head. This may be proved ])y closing the 
ears vdth cotton-wool, and then holding between the 
teeth the handle of a vibrating tunii]g-fork, ^vdien the 
sound given out wdll be heard distinctly. A few other 
points need mention. — (1) The Eustachian tube indirectly 


Fig. 9(1. — Mcmrv.uiuiis 
Lal).vnuth inag- 

mtitid). 

A, lalijrinth, tsoen 

frcim the imur f-idc- v, 
utnculus; s, fcacciiluM ; 
a V , ii o.t Hud It, autavior 
^(^rtl(■id, iKisteiiov \erti- 
cal, iuid hunzoiital scnu- 
cirvular cnnid'- ; (i n. :ni)- 
piilljr; 15, l<>n;;itii(linid 
"Cctii'U, ihroiiwli aij ani- 
pidbi; a>i, auditory 
n, filtivs of auditory 
nerve. 



places the drum in communication with the external air, 
so that this presses vuth the same hnve on both sides of 
the tympanic membrane, which v^ould otherwise ])ulge 
outwards or inwards, according to circumstances, and 
lead to giddiness or other unpleasant sensations. (2) 
The membrane filling the fenestra rotunda bulges in or 
out as the membrane of the fenestra ovalis is ytulled 
out or pushed in, and so the perilymph is prevented 
from agitating the auditory liag too violently. (3) The 
otoliths are not found in all parts of the endolymph, 
but in a kind of mucous substaiice which is present in 
the region of the auditory hairs. This substance, per- 
haps, prevents the hairs from vibrating too much, while 
the otoliths may help to make them vibrate. 

So far the auditory bag has ])een described as if it 
were of simple construction. This, however, is by no 
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iiHVTiis the case, as its name of membranous labyrinth 
indicates, and as will he seen from fig. 90. It consists 
of (1) a utricle (L. ntrkidus, little I)ag), and (2) a saccul^ 
(L. :>ac(‘iilus, little hag), onl}^ cfmnected hy a Y-shaped 
tube — and also of (3) three curved semicircular canals 
connected with (1), and (4) a spirally-coiled tube, the 
cochlea (Gk. cochlias, snail shell) connected with (2). 
C>ne end of each semi- 
circular canal is swollen 
into an ovoid ampulla (L. 
f(ji- flask). Auditory cells 
occur in a patch in the 
utricle, a patch in the 
saccule, on a ridge in each 
ampulla (fig. 90), and in 
file cochlea, whci'e their 
ari'angement is very com- 
])lex. 

The cavity containing 
the labyrinth is of the 
sanie general shape, and 
it is l)ouuded by a layer 
of specially hard bone, 
from which the softer 
bone outside can be 
chi{)ped away, leavijig 
what is known as the 
‘bony labyrinth’ (fig. 91). This contains the rnem- 
1)raiious labyrinth suspended in perilymph. 

v^^ense of sight. 

14ie organ of sight or eye has to be near the surface, 
in order to perform its functions, but is protected in an 
ela1)orate way by its position, and by ^'arious accessory 
structures. The orbit, in which the eyeball is contained, 
is extremely strong, and the front of the eyeball is 
protected l)y the eyelids and eyelashes, while the eye- 
brow® nrevent sweat fnom runnino* down into the eyes. 



Fiu' 91 —Bon V La1>.\rinth of ilie right siiU*; 
tlu' figure luagiiifieil, tlie luvel of tlie 

natural ^i/,e 


“J. F«‘uear.i ovalis; 1), fenestra rotunda ; S, 4, Ti. 
bonj ^enneircular o.inals with ampulhv 
<1, H, 7, honj' oochlea ; utricle and saccule 
lodged in ccntial ina>b termed “ \e^5tiiiule ” 
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The eyehall is a good deal smaller than the cavity of 
the orbit, and the spare space is partly filled up by soft 
iat, which acts as a protective packing, and also allows 
the eye to be moved by means of its special muscles. 
The front of the eye is kept clean by the secretion of the 
tear-gland, which is situated in the upper and outer 
part of the orbit, and opens by small ducts in the inner 



Fig- 92.— Longitudinal Vertical Section of the Eye. 

A, Cornea; b, aqueous humour; c, pupil; n, iris; e, lens; f, suspen'r.ry lignnn iit: 

G. ciliary process; n, sclerotic; i. choroid; k, retina; i., vitreous lioui'.-ii' . .iiii'ii..- 
which the hyaloid memhrane is indicated tiy a fine white hue ; m, optic nervo ; n. 
inferior lectus; o, the superior rectus muscle; p, muscle which raises the ui'i>er 
eyelid. 

side of the upper eyelid. It resembles a salivary gland 
in structure, and its secretion, after washing the front of 
the eye, passes into a small tear sac situated near the 
inner corner of the eye, by means of a minute duct open- 
ing on the edge of each eyelid close to the inner corner. 
From the tear sac the ‘tears’, under ordinary circum- 
stances, pass down by a tear-duct into the nasal cavity. 

Structure of the Eyeball (fig. 92).— The practical 
examination of a sheep’s eye by ljutting into it wdll show 
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that it consists of a firm wall, enclosing softer structures 
in somewhat the same way as the skin of a ripe goose- 
berry surrounds a semi-fluid pulp. This wall consists <if 
4 coatings of very different thickness and nature. (1) 
The outermost coat, known as the ‘ white of the eye ’ 
or sclerotic (Gk. s/deros, hard) is of protective nature, 
and consequently thick and tough. In front the eye- 
ball is more strongly curved than elsewhere and here 
a circular piece of 
the sclerotic is 
transparent, and 
is known as the 
cornea (L. corneas, 
horny), which may 
be regarded as a 
window by which 
light enters the 
eye. (2) Within 
the sclerotic comes 
a- thinner choroid 
coat (Gk. chorion, 
membrane ; cklos, 
resemblance), con- 
taining numerous 
blood-vessels, and 
a great deal of pig- 
ment. This coat does not line the cornea, but in the front 
of the eye becomes continuous with a flat muscular parti- 
tion, the iris (L. for rainbow), by which the eye is div ided 
into a smaller anterior chamber, and a very much larger 
posterior chamber. This partition is pigmented, and is 
the grey or blue or brown part which gives to the eye 
much of its characteristic appearance. In the centre of 
the iris there is a circular hole, the pupil (L. piqhUa, has 
same meaning), through which light can pass into the 
interior of the eye. .The size of this varies according 
circumstances, and it may be seen as a black patch in 
the centre of the iris. It looks black because the dark 
interior of the eye is •seen through it. The choroid is 
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thirkcned at the hack of the iris, and raised into a 
nninl>er of radiating ciliary processes (fig. 93). (3) A 

dolicate transparent mend>rane, the retina (L. refc, net), 
constitutes the third and most important coat of the 
eye. It extends on to the hack of the iris, hut only that 
part of it lining the posterior two-thirds of the eye is 
of physiological importance. If this part of tlie eye is 
looked at from inside a small, yellowish dejwession will 
he seen exactly in the middle (fig. 94). This is the 

yellow spot, and a little 
to tin*, innci* side of this 
there is a small area, the 
blind spot, from which 
fibres and small hlood-ves- 
sels can he seen to radiate. 
The retina can (easily he 
se])arated from the cho- 
roid ejxejd at this siKjt, the 
reason being that the 0 })tic 
iieiwe here hecomes con- 
tinuous with the ]'etina 
after ])assiiig through the 
sclerotic and choroid. TIkj 
fibres of the optic nerve 
branch up in the retina, and form a layer in that part of 
it furthest mvaii from the choroid. Fig. 95 re])r(.‘sents a 
section through the thickness of the ]*etina, immensely 
nnignified. Beginning on the outside next the 
choroid), the hdlowing structures are seen: — {a) A layer 
of cells containing pigment, (h) A layer of modified 
epithelium made up of elongated cells called the rods 
and cones. These are the end-organs of sight, (r) 
Several layers of less importance, (d) A layer of nerve- 
cells. {e) A layer made up of the fibres of the optic 
nerve. The most imjMjrtant. point to grasp is that the 
rods ami cones are collected in a u^ound-ahout tvay, l)y 
means of the intermediate structures, the jihres of the 
optic nerce. 

(4) The fourth and last coaF of the eyeball is the 
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thin, transparent, higlily-elastie hyaloid membrane (Gk. 
lii/fiJoSj glass; eidd.'i)^ inside the retina. This menihrane 
adheres closely in front to the ciliary processes, so that 
it is thrown into folds, an<l then s])lits into anterior and 
])osterior layers, known as suspensory ligaments (tig. 9^) 
1>ecause they 
are continuous 
with a capsule in 
which is sus- 
pended the crys- 
talline lens. This 
is a tirm, glassy, 
elastic body, 
looking like a 
small magnify- 
ing-glass, and 
possessing con- 
vex fr<)nt and 
hack surfaces. It 
• is therefore said 
to he biconvex 
(L. his^ twice; 
rniive.cus, arched). 

The anterior 
chamher in front 
of the lens is 
tilled with a 
watery li<piid, 
the aqueous hu- 
mour (L. aqua, 
water; humor, 
moisture); and 
the posterior chamher behind the lens contains a trans- 
parent jelly, the vitreous humour (L. vitnnn, glass; 
humor). 

Sensations of Si^ht result when the rods and cones 
are acted upon by light, which is the special stimulus for 
this sense. Light is supposed to consist of vibrations (T 
a particular kind, t]»iiversing an impalpable substance, 

(M 26 ) • " L 


il'rillfiiiflll 


with 


Fig. 95. — The Microscopic Structure ut the Itetina, 
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ether ^ (L. nether, sky), which is supposed to pei-vade 
space. Light does not, like sound, depend on the pre- 
sence of air, and hence, by means of the sense of sight, 
^Ye are able to ol)tain information a])oiit bodies at vast 
distances away from the earth. The eye not only ena]>les 
us to distinguish between degrees of brightness and kinds 
of colour, but also to distinguish the shape oi surrounding 
bodies. It is, in fact, an optical instrument presenting 
many points of resemblance to a photographer’s camera, 



Fig 9(j.— Formation of Inverted Image on Screen by Biconvex Lens. 

\ II. ! ' tC" . ■’ i ' f v-'-i-’b. n is formed by the lens m s The lines rei>ro- 

M '.■■■ ■ .1 -■ - !i. • : i: iiassmg from the object through the lou" 


and the retina may be regarded as a sensitive screen upon 
which images of surrounding objects are thrown, mainly 
owing to the action of the crystalline lens. 

Action of Lenses. — The waves or undulations 
which constitute light travel in straight lines, and are 
called ‘light-rays’. A ‘sunbeam’ passing through a 
chink into a room is a collection of such rays, the course 
of which is made visible by means of the dust which they 
illuminate. A lens (L. for lentil) is a piece of glass or 
other transparent solid with two surfaces, one of which, 
at least, is curved. If both are curved outwards the 
lens is biconvex. Take an ordinary magnifying-glass, 
which is a lens of this kind, hold it up to the window, 

1 Not to be confused with the volatile substance of the same name sold by 
chemists ! 



SENSE OF SIGHT- 


163 


and put a j^iece of white paper behind it. It will then 
l>e found that, at a certain distance, a little picture of the 
objects outside the window A^ill be clearly outlined ,i3n 
the screen, but up-side-down. This is illustrated by 
fig. 9G. The rays of light in fact are bent oi* refracted 
(L. refracfus, bent) into a new path so as to bring this 
about. A photographer’s camera is arranged on this 
principle, the lens being fitted into the front of a dark 
box, at the back of which the screen is placed. The eye, 



Fig 97 —Formation of Image on the hack of the Eyeball. 

Rays of light proceed from the points p, m, h of the arrow and are focussed by the 
lens ami humours of the eye to form an image, p, ni, /i, which is smaller than 
the object and inverted. 

again, may be regarded as a spherical camera with a lens 
in front, and a curved screen, the retina, behind (fig. 97). 
Since the cornea, aqueous humour, and vitreous humour 
assist the lens in refracting the rays so as to form 
images, all four together may be called the ‘refracting 
structures ’ of the eye. Light-rays are reflected (L. 
reflecto, I turn back) from the surfaces of liodies just as 
tennis-balls rebound from a wall, and it is owing to such 
rays that we see objects which are not (like the sun, 
stars, flames of lamps, &c.) self-luminous. Thus, the 
moon is seen because the rays of the sun are reflected 
from it. The pignuent of the eye prevents the light 
which enters from being reflected from one part to 
another, which would produce a ‘dazzling’ effect, and 
prevent clear vision. * 
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Accommodation. — By experimenting with a .lens 
and sheet of paper it will soon be found that ch‘ar 
pictures of near objects can only be formed irheii the 
2Xtj)er is further from the lens than is necessaiy for 
distant objects. In a photographer s camera the distance 
between lens and screen can be altered at pleasiu'c, 
according to the distance of the objects to be taken. 
Such an arrangement would be very inconvenient in 
the eye, and is not the one used. But in the camera 
another method is possible. Suppose it arranged so as 
to take distant objects, and that it is required to take a 
near object icWiout alkring the distance betireen lens and 
screen. This can be done by using a lens v:ith one or loth 
sides more, strongly cuned. Now a healthy human eye is 
so arranged that, when no effmi is being emjdoyed, distant 
objects are clearly seen, and ‘accommodation’ to neai’ 
olijects must in this case be managed not only without 
altering the distance between lens and screens (Le. retina) 
but also without changing the lens. This, at first sight, 
seems to be impossible; but the lens of the e3’e is not 
rigid like a piece of glass but elastic, so that its sJnqje can 
be altered, which comes to the same thing as changiiig 
the lens of a camera. When we are looking at distant 
objects the lens is hept on the stretch by its suspensory 
ligaments. If these could be slackened the lens, being 
elastic, would become more convex, and nearer objects 
would be clearl^^ seen. In looking at objects within a 
distance of 71 3^ards, we are conscious of a feeling of 
effort. This is because we are using a muscle, the ciliary 
muscle, which accommodates the eye to near objects 
b3^ slackening the suspensory ligaments. This is ex- 
plained b3^ fig. 98. The ciliary muscle takes origin fi’om 
the circular junction of cornea and sclerotic, and is in- 
serted into the thickened part of the choroid, which bears 
the ciliary processes, to which it must be remembered 
the suspensory ligaments are closely attached. When 
this muscle contracts the choroid is drawn forward, the 
suspensor3" ligaments are slackened, and the front of 
the lens becomes more convex. «The nearer the object 
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that is l^eiiig looked at the greater the coiitraction. 
That the choroid is pulled forwards as descrihed has been 
proved, for just-killed animals, by sticking a long needle 
into the eyeball (see hg. 98) so that its is lodged 

in the choroid. The ciliary muscle is then made to con- 
tract by stimulating the nerves which supply it, and the 
I/nirl (jf the needle is seen to move hackivards, which 
means that its point and the choroid move foricunJs. 



Fig 95 — Piagram to illustrate Accommodation 

1 >ii the right Hide the adjustment for near oltiect-? is shown. and on the left that for 
di-r..iit iihjei’t*. 1. Pofrilniii of needle jiuslied throuuh into choroid coat h('f"ie 
:iC' "ii'iiKM.ati'in, ' 1 , i»ositiuu of the same after accommodation 

That the shape of tlie lens-front does alter during 
accommodation is easily proved hy holding a candle on 
one side of the face of another person, in a darkened 
room. Three images of the candle-flame can then he 
seen in the front of the eye; — (1) a bright, upright image 
from the front of the cornea, (2) a similar hut laiger 
and rather duller image from front of lens, (3) a small, 
dim inverted image from hack of lens. When the eye is 
heing accommodated for near objects (1) and (3) remain 
unaltered, lint (2) gets smaller. This proves that the 
front of the lens is altering its shape and becoming more 
convex. 

The iris regulates the amount of light which enters 
the Gve, undergoing changes by which the pupil is made 
larger or smaller., as Hie case may be. ^^"heIl the eye is 
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exposed to a bright light the pupil becomes very small, 
Avhile in a dim light it is of considerable size. In a 
caviera a similar end is attained by plates of metal called 
diaphragms, each of Avhich is perforated by a hole. One 
of these plates is put in front of the lens. The iris 
is partly made up of circularly -arranged muscle-fibres, 
and Avhen these contract the pupil narrows. Enlarge- 
ment of the pupil is due to radially-arranged elastic 
fibres Avhieh are put on the stretch when the pupil is 
narroAved, and come into play Avhen the muscle-fibres 
cease to contract. KarroAAdng of the pupil takes place 
when near objects are looked at as Avell as AA^hen the light 
is strong, the object being to preAxnt light-rays fiom 
entering, AAhich Avould not help to make a distinct 
picture. 

The alterations in size of the pupil are Inought about 
by reflex action — the stimulus being light, the afferent 
nerve the optic, the nerve-centre part of the grey matter 
of the mid brain, and the efferent nerves {a) oculomotor 
for narroAAung, {h) sympathetic for enlargement. 

Proofs that the Rods and Cones are the End- 
organs for Sight. — These structures resemble AAdiat 
are knoAvn to be end-organs in other cases, and they are 
connected Avith the optic nerve-fibres. But they are 
turned airay from the light, and definite proof of their 
function is therefore necessary. One argument is de- 
rived from the blind spot (p. 167), AA^here rods and cones 
are entirely absent. Closing one eye look fixedly at the 
a in fig. 99, AA^hen the A aauU also be seen. Noaa^ sloAvly 
move the book first tOAvards then aAvay from the eye. 
It will be found that at a certain distance the A dis- 
appears from A'ieAV. It can be proved that in this 
position the image of A falls on the blind spot, Avhich, 
therefore, is not sensitive to light, and receiA^es its name 
on that account. The fibres of the optic nerve are more 
numerous here than elseAA^here, and it is therefore proA^ed 
that they are not the structures acted upon directly by 
light, while the probability of the rods and cones being 
the end-organs is increased. Further, the yellow spot is 
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the area where sight is most acute, and here the retina 
consists of cones only, and of nerve-tibres directly con- 
tinuous with them. Such fibres are less abundant hitre 
than elsewhere. It would seem fi'om this that the cones 
at any rate are probably end -organs for sight, and as 
some animals possess no cones hnt only rods, it seems 
reasonable to suppose that these also are visual end- 
organs. The evidence described, taken collectively, is 
sutheient proof as to the functions of the rods and cones, 
and confirmation is given by a simple experiment. If a 
white surface is looked at in a dark room, where the only 
source of light is a candle ])laced on one side of the 


a A 


Fig 9D.— To show the “ blind spot 

head, a sort of branching figure will be seen, which moves 
as the caudle is moved. This figure is the sliadow of the 
]>lood-\ essels of the retina, and it must be seen by means 
of end-organs placed behind these vessels. This is the 
position of the rods and cones. We must, therefore, 
conclude that light, after passing through the cornea, 
aqueous humour, lens, vitreous humour, and hyaloid 
membrane, traverses the transparent retina and stimulates 
the rods and cones, which again affect the fibres of the 
optic nerve so that afferent impulses are set up. These 
travel to the brain, and in part of the cortex of the hemi- 
spheres changes take place leading to visual sensations. 

The movements of the eyeball are lirought about by 
six band-like muscles. Four of these, the rectus muscles 
(L. for straight) arise close together from the back of the 
orbit and are inserted into the sclerotic above, below, to 
the inner side, and to the outer side, being respectively 
known as superior, inferior, mternal, and external rectus 
muscles. The two former are shown in fig. 92. Their 

iNrPs nr’p +n -mfivp thp pvpb<i11 down inwnrds 



168 


ELEMENTARY PHYSIOLOGY. 


and outwardis. The two remaining muscles are the 
and viferior oblique, by which twisting move- 
merits are given to the eyeball. The former arises from 
the back of the orbit, runs along its inner- side, and then 
])asses through a little fibrous loop to be inserted into 
the upper side of the eyeball. The inferior oblique takes 
origin from the inner wall of the orbit, runs under the 
inferior rectus, and is inserted into the outer side of the 
eyeball. 

Long Sight and Short Sight. — Most old people 
and a fair number of young ones are ‘long-sighted’, liy 
which is meant that the eye has to l)e accommodated 
even to distant objects by means of the ciliary muscle, 
while by no eft'ort can very near- objects be clearly seen. 
In an old person the meaning of this commonly is, that 
the lens has lost some of its elasticity, and cannot, tliere- 
f<j]*e, be made convex enough for near work. In -wornff 
jiersons the jirobaliility is that the eye is too short from 
front to back. The remedy, in either case, is the use of 
spectacles with con rex glasses, which, in the first case, 
make up for the deficiency in the lens, and in the second, 
so add to its power that the shortness of the eye is got 
over. 

Short-sighted eyes are too long from front to back, and 
are therefore jjermanently accommodated for ^nair objects. 
Efforts of accommodation are of no use for distant objects, 
and, indeed, only focus the eye for dill nearer objects. 
The remedy is the use of concave glasses, lyy which the 
power of the lens is diminished, and which comes to the 
same thing as substituting a weaker lens suited for the 
unusual length of the eye. 

General Sensations. — It is only necessary to add 
to what has been said on p. 144, that pain, one kind of 
general sensation, results when the end-organs of a 
sensory nerve are stimulated too strongly, or when the 
nerve itself is stimulated. This is not true, however, 
for the nerves of sight and hearing vdth their end- 
organs, and perhaps not for those of smell and taste. 
If, for example, the optic nerve is i’njured, a sensation of 
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li^ht and not of jiain is tlie result. The name Muscular 
Sense is given to the of effort, experienced when 

muscles are used. It is mainly hy this sense that w 
estimate the amount of a weight held in the hand, and 
in doing so we move the hand up and down, so as to 
bring numerous muscles into action. We are thus better 
able to judge of the effort put forth. The relative 
weights of two objects can he determined with considei- 
able accuracy by balancing them one against the other 
in the two hands. It is knowui that muscles are suppli('d 
with sensory as well as with motor nerves, and the 
foianer are no doul>t connected with the muscular sense. 


CHAPTEK XL 

PRACTICAL W 0 Pv K. 

1. Chemlstry. 

An elementary knowledge of apparatus, Ac., is assumed. 
Directions for preparation of oxygen, Ac., have been 
given in the l.)ody of the l)ook. For physiological 
chemistry see Section lY. Students who have not l)een 
through a chemical course are strongly reccmim ended to 
read Harrison and Pailey s Chemistry for All (Blackie). 

11. Skeleton and Models. 

1. Skeleton. — (1) A human skeleton should ])e very 
carefully studied, and its parts drairn in. an unruled note- 
hoof. A medical half-set will answer most pur])oses, but 
for teaching a class a fully articidated skeleton is very 
desirable. In any case a bisected skull to show interior 
will prove a valua]>lo addition. It is a good plan to 
mark the boundaries of the bones with a thin line of 
red enamel paint. Skeletons or parts of them can be 
obtained at a reasonable price from H. Meller, anatomist^ 
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2 Churchill Street, Stockport Road, Manchester. (2) 
Prepare rahhit hones as directed on jp. 18 and 19. 
r 2. Models. — Excellent models of brain, eye, skin 
section, t*tc., are made by many firms on the Continent. 
It is best to buy these direct, and Dr. Fritsch, AVladis- 
lawsgasse, Prague, can be thoroughly recommended. 
Catalogue will be sent post free on application. 

III. Dissection. 

1. Instruments, &c. — The minimum re(|uired is — 
a large scalpel, a small scalpel, a pair of large forceps, 
a pair of small forceps, bone forceps, a pair of small 
scissors, a pair of large scissors, a seeker, a razor, a 
German-silver blowpipe, and two mounted needles. 
These can be bought separately, and kept rolled u]) in 
a piece of wash-leather or in an American leather case. 
All of them, with two razors and two scal])els in addition, 
can be obtained in l>ox for 25^. from C. Baker, 244 High 
Holborn. Good Avork can be done Avith penknife, ordi- 
nary scissors, and mounted bodkin (as seeker), but there 
are no substitutes for forceps and bone forceps. 

A watchmaker’s eye-glass is most useful in dissecting 
small structures, and a threefold lens for examination of 
Aulli, kidney, c^c. 

Frogs and parts of larger animals are best dissected 
under AA^ater in a pie-dish. They should be pinned on a 
piece of cork or soft board, AA^eighted AA’ith sheet-lead. 
Pins should alAAaiys be pushed in obliquely. 

DraAAung appliances are indispensable, and it is ad- 
vantageous to indicate different structures by different 
colours, using pencils AAuth coloured leads {not crayons). 
Vessels — containing pure blood, red, — containing inqnire 
])lood, blue; nerA^es, green; Ih^er, Ijrown ; and so on. 
Letter everything. 

2. Dissection. — (1) Dissect alone/ blood-vessels and 
nerves, and avoid seizing them Avith forceps. (2) Re- 
member dissection largely consists in remoA^al of connec- 
tive tissue. (3) Keep dissection cleg^n by sponge and 
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tap. (4) When large blood-vessels have to be cut, make 
two ligatures near together, and cut between. Liga- 
ture by tying a thread round and pulling tight, bi^t 
don’t overdo this. (5) Draw everything Attention is 
thus compelled and memory aided. (G) For classwork 
rough home-made diagrams, on large scale, and Idack- 
lioard drawings in white and coloured chalks are most 
useful.^ 

3. Directions for Dissecting a Rabbit, to Il- 
lustrate General Arrangement and Structure of 
Organs. — The best way of killing a rablnt is to place it 
in as small a box as will conveniently hold it, having 
previously placed on the floor of the box a small piece of 
sponge or cotton- wool, saturated with a teaspoonful of 
chloroform. The box should be as nearly air-tight as 
possible. 

N.B. is used to call attention to points where the 
rabl)it differs markedly in structure from man. 

(1) Laif the animal on its hack on a board or deal table, 
fidbj extend its limbs, and fix them bij means of nails thronjh 
the paws. Feel sternum and ribs through skin, and thus 
recognize positions of thorax and relatively large abdo- 
men. 

(2) JFiih the larije scalpel make a longitudinal median nil 
through the skin of the thorax, continuing it forwards to chin 
and backwards to end of abdomen. A convenient plan is to 
push the handle of a scalpel under skin, through frsf incision, 
and then to cut down upon if, continuing same jvvccss in both 
directions. Separate the skin from underhjing structures hg 
means of scalpel, and pin down the flap on each side. 

Note. — (3) The muscles of the neck and a large, dark 
jugular vein on each side. (4) Powerful muscles cover- 
ing the wall of the thorax, and largely concealing the 
ribs and sternum. (5) The soft, muscular walls of the 
abdomen. 

1 Excellent diagrams are made to order by H. W. Gilbert Williams, 5 
Canterbury Road, Croydon. 
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ABDOMEN. 

*(6) JVilh the larrie forceps pinch up part of the ahdornmal 
iL’iill aear the middle line. With the scissors, held horizon- 
tall ij, cut throujh the pinched-iip part. Prolong with the 
sris.ao's the ovfd aperture thus made to sternum in front, and 
to end of abdomen behind. Make transverse cuts in front, 
ami j)iri back fltfjis. The intestines of the ra,])hit are 
relatively much larger than those of man, and the posi- 
tion of parts as now seen is not exactly the same in 
every case. Note. — Disturbing the position of the organs 
when necessarg, but not tearing or cutting angthing, (7) 
The large, brownish-red liver in front, largely over- 
la]>])iiig. (S) The ])luish - white stomach. (9) The 
narrow, pinkish, much-convoluted small intestine. (10) 
N.B. — The large, gi*eenish eseenm, marked externally 
l)y a spiral gi'oove, and continued into a pale, finger-like 
vermiform appendix. (11) The much narrower, greenish 
colon, with pouched walls. (12) The pale, nan-ow, thick- 
walled rectum, usuall}" containing lialls of fieces. (13) 
The membranous folds of mesentery by which the various 
organs are suspended, continuous with (14) the perito- 
neum, a moist, shining membrane lining the abdominal 
cavity. (15) Veins and arteries in the mesentery, hlach 
vein is generally accompanied by an artciy, the former 
l)eing full of blood and relatively large, the latter small, 
pale, and empty. (16) Pull hack the liver. Note. — (17) 
The diaphragm, with muscular margins and translucent 
tendinous centre. Two masses of muscle, the pillars of 
the diaphragm, run back from its dorsal part to the ventral 
side of the backbone. (18) The pink lungs seen through 
the centre of the diaphragm, (19) Perforate one side of 
the diaphragm with a scalpel, and the corresponding lung 
will ho seen to shrink away. 

(20) Turn the intestines over to the right side. N.B. — 
Eight and left are used in the sense of the animaVs right 
and left. Note. — (21) The red, tongue-like spleen 
attached to the cardiac end of the stomach. (22) The 
left kidney, attached to the dorsal wal^ of the abdomen 
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a little way behind the liver. (23) The left ureter, a 
small, pale tube, running from the hilus of the kidney to 
(24) the pear-shaped urinary bladder, which can easijy 
be made out in the posterior part of the abdomen. (25) 
The large, dark inferior vena cava, running in the middle 
line along the ventral side of the liackbone. Trace it 1 >ack, 
and notice that it is formed ])y union of large veins from 
legs and ()ther parts. (2G) The aorta, a bluish vessel, much 
smaller than the preceding, and running alongside it. 
Branches are seen running from it into the mesentery, 
and posteriorly it forks into the main arteries for the legs. 

(27) Turn the uite4iucs over to the left side and make 
out the right kidney and right ureter. 

(28) Ihint the liver fonvanls. XoTE. — (29) The greeii- 
ish-l>lack, pear-shaped gall-bladder imlieilded in a slit in 
its right half. (30) The portal vein, branching in front 
into the liver and traceable behind into the veins which 
run in the mesentery. 


TllOUAX. 

(31) Cut away with scissors the nuehlJe j^urt rf the Cerutnn 
aud etiovyli of the ribs to expose the thoracic caviiiy lead no 
the diaphray/ii uninjured^ a, id not goiny to extre/ne front fo- 
fear of injuring the large vessels. X(.)TE, disturbing the 
parts Avhen necessary, (32) The pink, shrunken lungs, 
divided into lobes. (33) The heart enclosed in the peri- 
cardium. (34) The thymus gland, a pinkish fatty-hnjk- 
ing mass at the base of the heart. (35) The great blood- 
vessels connected with the base of the heart. (3G) The 
dark inferior vena cava piercing the diaphragm and 
running up to the heart. (37) The thick- walled gullet 
running through the thoi'ax, dorsal to the pre«-''-'*'b5-:g. and 
piercing the diaphragm to enter the stomach, 
aorta running from heart along ventral side (d* backbone 
and piercing diaphragm. (39) Two slender white cords, 
the phrenic nerves, traversing the thorax to Ijranch up 
in the diaphragm. (40) Two similar cords, the vagus 
nerves, one running along the left side of the gullet and 
the other near its right side. (41) A pale, very slender 
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sympathetic cord running along each side of the back- 
bone, just nhere the ribs begin, and swelling into a sympa- 
t^netic ganglion on the head of each rib. (42) The outer 
layers of the right and left pleurae lining their res])ec- 
tive halves of the thorax (as the peritoneum does the 
abdomen), and meeting to form a median partitioti, 
except where separated by the heart. Note that the 
pleune resemble the peritoneum in texture and are 
reflected on to the lungs to form an inner layer, just as 
it is reflected on to the digestive organs. 


NECK. 

(43) Carefully divide the nuiscles of the neck hy a lonal- 
ftiditud media}i cat, and separate from structures trliich lie 
deejH.r. Avoid i.d.i.'.y hujidars. Note. — (44) The 
trachea in the middle lim-, and hoops of cartilage which 
strengthen its walls. Trace it forwards and ol,>serve that 
it expands into the larynx at front end of neck. (45) 
A firm, narrow, ])inkish common carotid artery running 
along each side of trachea. (4G) A slender white cord, tlie 
vagus nerve, running close to the outer side of each com- 
mon carotid. Ti’aced forwards it swells into a ganglion, 
the vagus ganglion, a little ])ehind the angle of the jaw. 

(47) Pw/T one common carotid gently vj) ivlth forceps. This 
will put on the stretch a membrane connecting the artery 
with other structures. Runningalong in the mem])rane 
note the pale sympathetic cord. It is not unlikely to 
be confounded wuth other structures, but may be recog- 
nized with certainty by the fact that it swells in front 
into a sympathetic ganglion (superior cervical g.) close to 
the vagus ganglion, and into a similar sympathetic gan- 
glion (posterior cervical g.) at the root of the neck. 

DIGESTIVE ORGANS. 

(48) Skin the left side of the hea^d.^ cutting off left ear. 
Note. — (49) The left parotid gland, a soft lobulatcd 
mass in front of and below the ear. (50) The two ovoid 
pinkish submaxiUary glands, lying between the tw^o 
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halves of the lower jaw, and seen hy turning the head 
back to its first position. 

(51) liejiiove the musrles from the left side of the loici'V 
jinv, and carefulh/ hreah it avray sa as to expose the numtk- 
cavity. Note. — ( 5:2) N.B. — The teeth. (5-3) The tongue, 
which differs in many points from human tongue, ])ut 
filiform papillae can be seen in its front part, and a 
couple of circumvallate papillae on its upper side, very 
far back. Also note on its side the left foliate papilla 
(unrepresented in man), a small oblong area marked by 
numerous obli((ue ridges. (54) The hard palate in front 
of mouth-roof, followed behind by soft palate. N.B. — 
There is no uvula. 

[With the aid of a looking-glass make out the charac- 
ters of your own mouth-cavity. Note at l>ack soft palate, 
uvula, and opening into pharynx, with tonsil on each side. 
Identify and count teeth, allowing for those lost or not’ 
yet cut. Note papillae on tongue. Put a few drops of 
vinegar upon it and note that fungiform papillae swell u]). 
Lift up tongue and note ridge (p. 68) upon Avhich the sub- 
maxillary and sublingual ducts open.] 

(55) Cut hack laterally about an inch behind the tongue, 
along a paper ndl pushed through the opening seen at the 
back of the mouth. Note. — (56) The pharynx, a small 
chamber behind the mouth-cavity. On its floor, at the 
base of the tongue, note (57) an elastic flap, the epiglottis. 
(58) Behind this is a large aperture, the glottis, through 
which the handle of the seeker can be passed down into 
the trachea. (59) The beginning of the gullet just 
lehind the glottis. 

(60) Pass a seeker forwards from pharynx above the soft 
mlate and make a median incision through the latter. The 
jeeker Avill have been pushed through the posterior nares 
nto a posterior nasal chamber which is now exposed. 
!^ote on its side wall (61) the small aperture of the right 
Eustachian tube. N.B. 

(62) Carefully separate trachea from deeper structures. 
^OTE. — (63) The gullet running close to backbone. Cut 
a slit in its wall and push knitting-needle upwards through it 
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info Trace gullet doM^n through thorax. (64) 

Carefully remoce. diaphragm and trace gullet into rtoinach. 
(65) Compare the latter with fig. 38. (66) Very care- 

full}^ identify and pull out the U-shaped loop of the 
duodenum. Note.- — (67) The narroAv l)ut firm bile-duct 
running from lister into duodenum just beyond the jjy- 
lorus. (68) N.B. — The pancreas, consisting of numerous 
fat-like lobules of pinkish colour, situated in the folds 
of mesentery enclosed by the U. (69) N.B. The short 
pancreatic duct opening into the side of the U further 
from stomach, about two inches beyond the bend. 

(70) Ligature the gullet and rectum. Cut through gullet 
ahoce first ligature and through rectuno heloiv second. Bemove 
stomach and intestines hy cutting mesentery^ tearing llrer 
hehiial, and follow these parts out from end to end, preferaUy 
under water. 

(71) Cut open and wash out stomach. Note character of 
its walls and valvular constriction forming pylorus. 

(72) Tear away mucous membrane f rom muscular layers. 

(73) Bicmore a ynece of small intestine. Cut open and pin 
oat under ivater to show internal surface. Note the velvety 
appearance of this, due to innumerable villi, which can 
be seen with the aid of lens. 

CIR C V LA TOR Y OR OA YS. 

(74) Cut through outer layer of periairdium. Note 
escape of pericardial fluid. 

(75) Carefully tear away outer layer. Note that at base 
of heart it is continued into an inner layer closely covering 
the heart. 

(76) Break away remains of sternum and anterior rihs. 
Piemove thymus. Note. — (77) The jugular vein on each 
side uniting with a subclavian vein from fore-limb to form 
superior vena cava. N.B. — Only one s.v.c. in man. (78) 
With the aid of figs. 57-59 recognize the auricles, ven- 
tricles, and pulmonary artery, tracing the last to the lungs. 
(79) Turn the heart forwards dcadi (80) trace aorta to heart. 
Note (81) pulmonary veins running into left auricle 
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from lungs. {<^2) Trace common carotids to arch of 
aort.o 

RESriRATORY OROAXS. 

(53) Carefully remove trachea and linq/s. ]^ote that 
trachea bifurcates into bronchi. 

(54) Tie a tuhe into trachea. Inflate the huiga hij hloiring. 
Ce<i>^e blowing and th eg collapse. 

(Sf)) Cat through one bronchus, and icith seeker and scissors 
folbor it into siibstunce of lung. Kote that it brandies, and 
that the ])ranclies get smaller and more delicate. 

(S<)) Examine a piece of the thoracic wall for the 
intercostal muscles. 

MUSCLES AXE JOIXTS. 

(S7) Ski?i one (f the forelimbs. Note the numerous 
muscles and the tendons connected with them. (SS) 
Corrfnll/i icniove the mnsrles and examine shoulder and 
elbow-joints. (S9) Separate oat tJte h inner as. Note the 
bluisli layer of cartilage covering each end. (90) Use 
the humerus for studying the characters of fresh bone 

((■p. p. 1 

XER 1 ^0 US S VSTEM. 

(91) Tla(‘e the animal on its ventral surface, and clean the 
skin and muscles from the skull and part of backbone. Start- 
ing f rom junction of the two break awag the roof of skull and 
dorsal parts of rertehne, bg means of bone forceps, the blades 
of v'hirh must be kepi horizontal. The brain (N.B.) and 
])art of spinal cord will thus ])e exposed and the dura 
mater and pia mater (p. 12.^) seen. Note in the brain 
(92) the two smooth cerebral hemispheres, ])roadest 
Ixdiiiid : (93) the narrow clul)-shaped olfactory lobes in 
front »)f these ; (94) behind the hemispheres, a convoluted 
mass, the cerebellum, which rests on (95) the bulb (me- 
dulla oldongata) which is continuous with the spinal cord. 

(90) On the first dag of dissection remove the brain and a 
piece of spinal cord as follows'. — Break aivay side icalls of 
skull and lift vp brain im front ivith handle of scalpel. JVork 
( M 26 ) n 
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ver^f carefully hachvards, cutting through the roots of the 
cranial and spinal nerves as they appear. Place the brain 
and piece of cord on a piece of cotton-wool in strong spfirit to 
fiarden for a few days. In lirain, then, (97) gmss hemi- 
spheres apart and note the band-like corpus callosum 
connecting them. (98) Bend the brain so as to separate 
hemispheres and cerebellum, and note the optic lobes as 
four small elevations. (99) Remove horizontal slices from 
hemispheres^ and note (100) the distinction between 
grey and white matter, and (101) the lateral ventricles. 
(102) Slice the cerebellnm, and note the arbor vitae 
appearance (p. 137). (103) Remove the remains of the hemi- 

spheres and cerebellum. Note the axis of the brain, which 
siil)Stantially resemliles that of the human brain. The 
diiferenccs between the tAvo brains chiefly lie in the 
cerebral hemispheres. 

(104) Note the spinal nerves in the axilla (arm-pit), 
and trace them into the fore-limb. 


SENSE ORGANS (Fresh Rahblt requUed). 

(105) Nose. Break open one nasal cavity^ and note the 
(N.B.) turbinated bones covered by mucous membrane. 
(106) Pass a seeker hack into jfosterior nasal chamber^ exposed 
as directed in (51), (55), and (60). 

(107) Eye. Note upper, JoAver, and third eyelids, the 
last folded up in anterior corner of eye. Seize ivith forceps 
and draw over eye. In man the 3rd eyelid is represented 
by the little red fold in the inner corner of the eye. 
(i08) Cut and break away roof of orbit, and note (109) the 
four converging rectus muscles. (HO) The superior 
oblique muscle (cp, p. 167). (HI) Lift up eyeball, and 
note inferior oblique muscle. (112) Clear away muscles, 
and note optic nerve running into back of eyeball. 

(113) Ear. Skin left side of head, cut away left pinna, 
and follow external auditory meatus hito head, cutting or break- 
ing away surrounding structures. At end of meatus note 
(114) the tympanic membrane. (115) Cut this through, 
and note (116) tympanic cavity cand auditory ossicles. 
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IV. Digestion. 

The chemicals mentioned, and preparations 
Burroughs, Wellcome & Co., can he obtained from 
any chemist. 

1. Properties of Starch, Sugar, and Proteids. 

A. Starch. — Rub up a small quantity of powdered 
starch with a little water. Thoroughly mix with about 
200 times its volume of water, and lioil for five minutes. 
(a) Place a little of the starch mucilage thus obtained in 
a test-tube. Add a few drops of iodine solution. It 
honnes blue, {b) Touch your cuff with a drop of iodine 
solution. It becomes blue, showing pi’esence of starch, 
(r) Put some starch mucilage in a dialyzer ^ (fig. 50), and 
immerse in distilled water. After some time test the. 
Avater with iodine solution for starch. No result. The 
mucilage has not diffused through the membrane. 

B. Sugar. —Use maltose (malt-sugar) oi' r/lucose (grajie- 
sugar). Llissolve a little in distilled water, (a) Put a 
small quantity of this into a test-tube. Add four times 
the volume of Fehling’s solution, prepared at the time 
froiri the Fehling test tabloids of Burroughs, ^Vellcome 
A C^o. Boil. Note the yellow or yellowish-red preclpltide, 
showing the presence of sugar. 

{!)) Place some sugar solution in a dialyzer, and after 
some time sugar will be found in the surrounding water 
by Fehling’s test. Sugar, therefore, diffuses. 

C. Proteids. — Break the white of a fresh egg into a 
cup and beat it well up. Shake tvell with 30 times its 
volume of distilled water. Filter through flannel, (a) 
Put some of the solution in a test-tube, and add a little 
strong nitric acid. A ivhite jyrecipiiate. Boil. It turns 
yellow, and partly dissolves to form yellow solutmi. Let 
cool, and add some strong ammonia. The colour chan yes 
to orange (xanthoproteic reaction). (b) To a small 

1 The prepared skins used in making sausages answer the purpose well, 
after soaking in water. See thiilt no visible holes are present. 
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quantity of the solution add four times its volume of 
acetic acid, and a fe^v drops of strong solution of potas- 
sium ferrocyanide. A jjrecipitate. (c) Boil some of the 
solution. It congulatc6. (d) Place some of the solution 
in a dialyzer, and after some time has elapsed test the 
surrounding water for proteid by (a) and {c). No result. 
Proteids do not diffuse. 

‘ 2 . Saliva. Gastric Juice. Pancreatic Juice. 

ht all cases ichere the digestive action of these juices is 
to he experimented 0 ) 1 ., skuid the vessels containing the solutions 
id icater as hot as the hand can hear easily. 

A. Saliva. — Wash out the mouth, and stimulate the 
secretion of saliva by chewing a small piece of india- 
rubber. Collect, filter, and dilute with five times its 
volume of distilled Avater. {a) Put a little starch- 
mucilage in a test-tube. Add the volume of saliva. 
Leave for an hour, and then apply Fehling's test. 
Sugar will he found. Use same test with starch-mucilage 
alone, and saliva alone. No result, (b) Put some starch- 
mucilage mixed with saliAui in a dialyzer, and leave for 
some hours. Take some of surrounding Avater and apply 
Fehling’s test. Sugar will he found, (c) Boil some saliva, 
and add it to starch-mucilage. After some time apply 
Fehling’s test. No result. The ptyalin has been destroyed. 

B. Gastric Juice. — Use the pepsin preparations of 

Burroughs, Wellcome & Co. i.e. ‘‘Pepsin in Scales ” or 
else “Glycerinum Pepticum”, adding as Avell some 0*2 
per cent, hydrochloric acid. It is also instructi\'e to 
prepare peptic glycerine from the rabbit’s stomach. 
Open quickly, wash, scrape aAvay the mucous memljrane 
in shreds, place the scrapings in strong glycerine for 
eight days, pour off. Use in same Avay as other prepara- 
tions. (a) Add a little pepsin to some Avhite-of-egg 
solution or blood-fibrin. Put in a dialyzer and leave for 
some hours, (h) Apply xanthoproteic test to part of suiv 
rounding water. Mesult as in 1, C, (a), (c) Boil another 

part. No result, (gl) Test another part with acetic acid 



PRACTICAL WORK— THE HEART. 


181 


and potassium ferrocyanide. K') result. Peptone, differ- 
ing in many ways from proteid, has been formed, and has 
d/iff used through the membrane, (e) Repeat the foregoii^ 
experiments, having previously boiled the pepsin in a 
little water. Xo result. The ferment has Been destroyed. 

C. Pancreatic Juice. — Use the Zymine Peptonizing 
Powders of Burroughs, Wellcome Sz Co., and by employ- 
ing method described, except that no acid is aclded, 
prove that it can digest starch and piMjteid. Boiling, as 
l)efore, destroys the ferments. Cllycerine pancreatic 
extract may be prepared by mincing the pancreas of a 
pig and treating a,s in IV., 2, B. 

3. Emulsification of Fat. 

Into a watch-glass pour some I per cent solution of 
sodium carbonate. With a glass rod place a dio]) of 
rancid oil in the solution. Note that the drop gradually 
gets milky, and the watch-glass will in the end be found 
full of white ffuid, which is an emulsion of fat. Examirie 
under the microscope, and note the minute fat globules, 

4r. Digestion of Milk. 

1. Take two specimens, and treat one with pepsin 
preparation and hydrochloric acid, the other with pepton- 
izijig powder, according to method previously described. 
In either case note (1) curdling, from action of a special 
ferment; (2) dissolving of the curds icHh, formation of peptone. 

2. P^rocure some rennet, Avhich is an extract from the 
stomach of the calf, and contains rennin. (1) Add a 
few drops to some warm milk, and note the curdling. (2) 
Add some rennet to boiling milk. No result. The 
rennin is destroyed by the heat. 

V. The Heart. 

1. Structure of the Sheep’s Heart (cp. figs. 57-60). 
— Procure a sheep’s “ pluck i.e. heart and lungs. (1) 
Dissect aivay pericardium, and recognize auricles with 
their appendages^ ventricles, pulmonary artery, and 



182 


ELEMENTARY PHYSIOLOGY. 


coronary vessels branching on the surface of the heart. 
The front (ventral) side can he distinguished hy a furrow 
lyied with fat, running along boundary between ventricles. 
Left side can be distinguished by the firmer feel of left 
ventricle, which alone extends to apex. 

(2) Trace pnJminuiry artery to haigs, and indmonarij reins 
from iJiem. Carefully cut lungs away. Note — (3) Superior 
vena cava. (4) inferior vena cava. (5) Coronary 
sinus, opening close to (4). 

(6) Ligature (4) and (5). Tie a short glass tube into (3), 
and a larger one into pulmonary artery. Pour water into 
the short tube and squeeze Pi. ventricle. Note that water 
ascends in long tube, but does not run back, owing to 
closure of pulmonary semilunar valves. 

(7) Open right auricle hy cutting along the superior and 

inferior vence caire. Note. — (8) The Eustachian valve, 
a fold guarding the opening of the l.v.i'. (9) The 

Thebesian valve, a similar fold guarding the opening of 
the coronary sinus. (10) The auricular septum. (11) 
The large right auriculo-ventricular opening. 

(12) Cut open the left auricle. Note — (13) The open- 
ings of the 2 (N.B.) pulmonary veins. (14) The auricular 
septum. ( 1 5) The large left auriculo-ventricular opening. 

(16) Pour water through the auricles into the ventricles. 
Note that the flaps of the auriculo-ventricular valves 
float up. 

(17) Cut across the ventricles, a short distance from 
apex of heart. Notice the relative shape of the ventri- 
cular cavities, and the relative thickness of the ventricular 
walls. 

(18) Cut away outer wall of right ventricle. Note — (19) 

Tricuspid valve. (20) Papillary muscles and other 
columnse carneje. (21) Chordse tendinese. (22) Pass a 
seeker up into pulmonary artery. (23) Cut pulmonary artery 
short. Note pulmonary semilunar valves. (24) Slit up 
pulmonary artery^ and examine valyes more closely. 

(25) Cut away outer wall of left ventricle and note 
mitral valve, aortic semilunar valves, &c., as above. 
(26) Note, in the opened aorta, » two small holes just 
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behind two of the semilunar valves. These lead into 

the coronary arteries. 

The preceding directions will serve for the dissection 
of the rablht’s heart, if for “ coronary simis ” “ Ic^t 
superior vena cava ” is substituted. 

2. Movements of the Heart. — (1) When a just- 
killed rabbit is opened the heart will probably be seen 
]>eating, and the alternate contraction* of auricles and 
ventricles can be noticed. (2) CJihfToforni and oj)en a 
frog in same wag as described for rabbit. (N.B. There is 
no diaphragm, and the structure ditiers in many other 
’w^ays from that of rabbit.) Note the heart in its peri- 
cardium. It beats regularly, and will continue to do so 
for some time, even if removed from the body. Dissect 
awaij the i)ericardium^ and note that the two dark thin- 
walled auricles and the firm paler ventricle undergo 
systole alternately. 

3. Cardiac Impulse and Pulse. — (1) JFith the 
right forefinger find the place between your left fifth and sixth 
rfbSy where the cardiac impulse is best felt. (2) JPdth the 
left forefinger feel the ^ pulse ^ in the right torlst (ventral 
surface, tliuml) side). Note the rhythmic swelling of 
tlie artery which takes place. It can Ije seen with th(‘. 
eye. (3) Place the right forefinger as in (1), ooal^ at the 
same tinier the left forefinger as in (2). Note the time- 
relation betweeen the pulse in the Avrist and the cardiac 
impulse. 


YI. Coagulation of Blood. 

(1) Let some of the blood from a freshly killed rat or 
rabbit run into a small beaker. Note the stages of coagu- 
lation (cp. p. 83). (2) Prick your finger loith a needle, and 

transfer a drop of blood to a glass slide. Note that it soon 
passes into the jelly stage. (3) liajndly stir ivith a feather 
some freshly shed bloody Note that threads of fibrin collect 
on the feather, and that the remaining part of blood 
(corpuscles and serum) remains liquid. 
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VIL Circulation of Blood in Web or Frog’s Foot. 

Cut out a small Y -shaped piece from one end of aflat piece 
of tvood^ such as the lid of a cigar box. Make a small calico 
hag just large enough to hold a frog. Put a frog in it, except 
one leg, and firmly tie to board by means of tape. Gently 
extend the leg, and fix the foot over the V slit by means <f 
2)ieces of thread tied to the toes at one end, and (ft the other 
wound round 2jins stuck in the hoard. Examine life web 
under the microsco2)e, sniporiing the hoard by books, 
Note the circulation in the weh (p. 98), which .should 
be gently on the stretch, and kept clamp with norm id 
salt solution (| per cent). The frog-l>ag should be kt‘pt 
wet with water. 

YIIL Eespiration. 

1 . Movements of the Thoracic Walls. — ( 1 ) 

02'>en the abdomen of a recently killed rabbit so as to ex2>ose 
the diaphragm. Lay hare the trachea, tie a tube into it, and 
fully inflate the lungs. Note meanwhile the movomeTits 
of the sternum, ribs, and diaphragm. Cease blowing, and 
note the contrary movements. (2) Note the movements 
of your own thorax during respiration. (3) Constmai 
the model re2mesented in fig. 12 , and satisfy yourself by 
means of it as to the action of the intercostal muscles. 

2 . Differences between Inspired and Expired 

Air.-(l) Breathe on a mirror or polished metal surface. 
Note the film of moisture. (2) Prove the presence of 
carbon dioxide in exjnred air. Cp. p. 110. (3) Pour a, 

little strong sul2?huric acid on some form of organic niiitter, 
e.g. a 2hece of ivhite 2}aper. Note the blackening that 
occurs. ( 4 ) Breathe tltrongh a fairly long glass tube into a 
small quantity of strong sulphuric acid qdaced in a beaker. 
Note the blackening which takes place, owing to the 
presence of organic matter. 

IX. — Nitrogenous Excretion. 

1 . Structure of Sheep’s Kidney. — {!) Bemore fat^ 
ih. Note Mlus and ureter. (2) Cut it through 2'>araUei 
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io flatter sides (cp. fig. 72). Note dark-red cortex, 
striated medulla, urinary pyramids, urinary papillae, 
pelvis. (3) Examine cortex loith lens. Note the niimei^^us 
red dots. These are Malpighian bodies. (4) Examine 
with lens nncut part of a urinary ixxpilla. Note minute 
openings of uriniferous tubules. Squeeze, and note 
escape of drops of urine. 

2. Urea. — As obtainable from chemist. (1) Note the 
slender needle-like crystals. (2) Heat a small quantity in 
a test-tuhe. Note that it first melts and then gives off 
ammonia, recognizable by its smell. 

X. — Muscle and Nerve. 

1. To Pith a Frog. — Place it under a tuinhler with 
O' piece of cotton-wool soaked in dher. soon as it heromes 
insensible fake it out, and holding it in a cloth in the hft hand, 
bend down its head with the left forefinger. TPith the paint 
of a. scalpel make a fairly deep^ hut narrow, transverse cut 
through skin and muscles at hack (f skull thus indicated. 
Push a blunt needle forwards through fwamen magnum (here 
situated at hack of skull) and more it about so as to destroy 
brain. The san-u^end may be attained by decapitating a 
frog with stout scissors, leaving lowei^ jaw uninjured. 

N.B. — The preceding should not be done in the pre- 
sence of an elementary class. 

2. Reflex Action. — (1) Take a pithed or decapitated 

frog, and note the lifeless attitude assumed (p. 140). (2) 

Pass a held pin through lower jaw and hang up to retort stand 
or other support. Note position. (3) Pinch one toe with 
forceps. The leg is drawn up. (4) Place a small piece of 
'2 /■ soaked in acid- on the skin of the hack. Note 

■ he 11 ‘th‘v; movements directed to removal of the Idotting- 
paper. (5) Destroy the spinal cord by qmshing a wire down 
neural camd. Reflex actions can no longer be set up. 

3. Direct Stimulation of Motor Nerves. — (1) 
Lay the frog on its hack. Open it and turn viscera aside. 
Note the posterior spinal nerves as white cords running 
Mong the back ^of the body. Pinch them with forceps. 
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Note movements produced. (2) Lay the frog on its front. 
Skin one thigh. Carefully separate muscles. Note the 
large sciatic nerve of the leg running close to the femur. 
Carefully dissect away muscles of the thigh, taking care not to 
injure the nerve. 'Cut through 7ierve as near body as possible. 
Note movement which follows. Dissect out nerve without 
dragging or touching it, hy clearing away surrounding connect- 
ive tissue. Cut across femur and fix its cut end in a letter 
clip (such as may be had for Id.). Fix clip so that leg is 
horizontal and nerve hangs down. Pin a stiff slip of paper to 
foot. (3) Pinch end of 7ierve. Note movement. (4) Cut 
off' pinched part of nerve and let the end dip into a watch-glass 
contajning saturated salt solution. Note movements gradu- 
ally set up. (5) Remove salt solution, and eut away nerve. 
Note result. (G) Make a nihscle-nerre jwepar at ion (cp. p. 133 
and fig. 78). Fix shiinp of femur in clff, andpff.ss one of the 
smallest sized fish-hooks through the lower tendon. Load the 
gut of the hook with one or two small split shot. Stimulate 
the nerve in 3, (3) and (4). Note twitching of the 
muscle which results. These may be made more obvious 
by fixing a straw filire to the gut in a horizontal position. 
The muscle-nerve preparation must be kept damp ])y 
normal salt solution applied with a camel-hair brush. 

XL— Tou(^h. 

1, Acuteness of the Sense of Contact. — JFith 
a pair of blunted compasses, the ends of tvhich have been var- 
nished, and a good scale of inches and fractions test the rela- 
tive sensitiveness (p. 147) to contact of different p>arts. 

2. Temperature Sense. — {\) Procure a small cojper 
rod about six inches long, and sharpen it at one end to a blunt 
point. Dip in hot water and gently apply the point here and 
there to back of wrist and other parts of body. Note that at 
certain “hot spots” the sensation of warmth is much 
keener than elsewhere. (2) Determine in similar tvay that 
“cold spots” exist. 
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XIL— Taste. 

1. Prepare sohifions of quinine (strong), sugar (5 
cent), cotiinion salt (10 per cent), and acetic acid (1 per 
cent), and by nieans of small camel-hair brushes ajgdy them 
successirely to different parts of the tongue. Note differences 
ill sensations ex])erienced (p. 149). 

'1. Perform cjperiment with sugar-crystal described on 
p. 149. 

XIIL — Smell. 

Eat a piece of onion, holding the nose at the same time. 
Note its comparative “tastelessness’’ under these condi- 
tions (p. 149). 

XIY.—Hearing. 

Try the tuning-fork experiment described on p. 156. 
XY.— Sight. 

1. Dissection of Sheep or Bullock’s Eye 

(under water). — (1) Remove muscle, fat, d'c. Note optic 
nerve, sclerotic, cornea, iris, pupil. (2) Remove cornea. 
Note escape of aqueous humour. Examine iris. (3) 
JP^ith the handle of a scalpel gently separate sclerotic from 
underlying structures for half an inch all round. Cat atvay 
the part so separated. Note the ciliary muscle as a pale 
band at the outer margin of the iris. (4) JPdth a sharp 
razor divide the eye into front and hack halves. (5) Note 
escape of jelly-like vitreous humour, surrounded by 
hyaloid membrane. (6) In back half (cp. fig. 94) note 
blind spot and yellow spot. (7) Peel away retina, which 
will be seen as a delicate soft memlirane. Note that it 
adheres closely at blind spot. (8) Note pigmented choroid 
thus exposed. Peek it away, and note sclerotic. (9) In 
front half (cp. fig. 93) note ciliary processes and lens 
in its capsule. (10) Remove lens, and note its elasticity. 
(11) Peel away coats a« before. 
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2. Formation of Image. — Be move sclerotic from part 
of the hack of a fresh eye. Fix eye hi a tube of black papei\ 
andy. direct cornea to ivlndow. Note inverted picture of 
external objects seen on back of eye. 

3. Accommodation. — (1) Try candle-flame image ex- 
periment (p. 165) on another person. Note that when a 
near o1)ject is looked at the second image alters its shape 
and the pupil gets smaller. (2) Hold itp one finger a little 
uay in front of your face. Note that you cannot see 
both it and distant objects clearly at the same time. 
Note also the sense of effort experienced as you look 
from distant objects to it. 

4. Blind Spot. — Try experiment given on p. 167, 
xcith pairs of marks of different sices, shapes, and distances 
apart. 

5. Narrowing of Iris in Near Vision. — Hold 

up' a pin before the f rice and look at it leifh one eye. Note that 
when held very near its image is blurred. Prick a jnn- 
hole in a piiece of card and look at pin through it. Note tliat 
it can be held much nearer than before blurring of 

image (cp. p. 66). 


XVI. — H ISTOLOG Y. 

1. Use of Compound Microscope. — (Fig. 100.) 
Consists of a stand supporting a tubular body into the 
ends of which lenses are fitted. The upper lenses are 
contained in a movable eye-piece, the lower ones in an 
objective, which screws on and off. The object to be 
examined is placed on a glass slide and generally covered 
with a very thin piece of glass, i.e. a cover-slip. The 
horizontal plate projecting from the stand is the stage, 
on which the slide is supported. It has a hole in its 
centre through which light can be directed by means of 
a mirror placed below it. The amount of light can be 
regulated by a diaphragm, revolving below the stage, 
and perforated by holes of different size. Eye-pieces and 
objectives are termed low or high according to the 
amount they magnify. The higher tl\e eye-piece the 
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shorter it is and the smaller its upper lens. The higher 
the objective the smaller its lens. Adjustment to the 
right distance, or focussing*, is effected (1) bv twisting 


the tii))e up and down in 
adjustment; (2) by 
means of the fine adjust- 
ment, worked by a screw 
at the top of the stand. 
The folloAving points are 
of great importance: — 

( 1 ) Keep the lenses clean 
by means of a piece of 
wasli-leather or old silk 
handkerchief. (2) Use 
low power first. ( 3 ) 
Use a small hole of dia- 
phragm when working 
with high power. (4) 
Fik'us by twisting tube 
■down till objective is 
close to cover-glass, then 
look through eye-piece 
and slowly twist up 
tube till object is seen. 
Lastly, use fine adjust- 
ment. 

The microscope recom- 
mended is Leitz’s small 
one, represented in fig. 
100, and supplied for 
£3, 12s. 6d., carriage 

paid, by Mr. Chas. 
Baker, 244 High Hol- 
l)orn. It possesses high 


;s sheath. This is the ccfdrse 



Fi{?. 100. — Leitz’s .Student’s Microscope. 

, Stand; 2, eye-piece; body; 4, liody-tube; 
5, objective; 6, stage; 7, mirror; 8, tine ad- 
justment. 


and low eye-pieces, high 

and low objectives, ^and is contained in a mahogany box. 
2. Reagents. — The ones required for the purposes of 


this hook are as follows. They are best kept in 1 oz. 


bottles, promded wilh corks in which pieces of glass rod 
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are fixed. (1) Normal {i.e. f per cent) solution of common 
salt. Fresli tissues are to be examined in this. (2) Weak 
glycerine, i,e. half glycerine, half water. Tissues that 
have been preserved in alcohol, Arc., are to be examined 
in this. (3) Acetic acid (1 per cent). Dissoh es granules 
and brings nucleus into view. (4) Eosin solution (5 per 
cent). Can be replaced by red ink. ►Stains difi'erent parts 
to different extent and helps to bring very transparent 
structures into view. 

3. Blood. — (1) Frkh your jigger and jdace a drap vf 
Hood on a dide. Fid on a cover-ghisH hy reding one edge on. 
slide and gently loicering vsitli needle. Under microscope 
note (2) the enormous number of red corpuscles, the 
shape of which may be made out as they roil over, (3) a 
much smaller number of 1 ‘ather largei* white corpuscles, 
seen as rounded bodies. (4) As the blood coagulates note 
that the red corpuscles adhere together in rolls (fig. 54). 
(5) Mount a very small quantity of Hood in a mixture of acetic 
add and eosin. Note a deeply -stained particle, the nucleus, 
in each white corpuscle. Nothing of the kind can l)e seen 
in the red corpuscles, 

4. Epithelium. — A, Squamous. (1) Scrape the inside 

of the dieeh uitfi the bundle of a scfdqoel. Mount some of 
the scrapings in normal salt solution. Note the flat nu- 
cleated cells (fig. 45). (2) Ilun in a little acetic acid hy 

placimg a drop of it on one side (f the cover-glass and a frag- 
ment of hlotting-iKiim' on the other. The nucleus becomes 
more distinct. (3) Fitin in a drop of eosin, and after two 
minutes follow hy glycerine. Cells have stained, the nuclei 
most intensely. (4) Examine q^'i'cjntred specimen of cad 
skin of frog or newt. Note nucleated cells united b}^ their 
edges. (5) Examine prepared section of skin. Note that 
the epidermis consists of numerous layers of cells (fig. 83). 
B, Columnar. (1) Gently scrape with a scalpel the inner 
surface of a piece of rahhifs small intestine which has hcen cut 
open and pinned out in 30 per cent alcohol for QJf. hours. Tease 
out {i.e. tear up with mounted needles) on slide in drop of 
glycerine. Cover and examine. Note cells (fig. 42). (2) 

Run in eosin and follow up with nore glycerine. Note 
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staining, especially of nuclei. (3) Examine prepared 
section of small intestine. Note villi covered by layer of 
columnar epithelium. C, Ciliated. (1) Scrape roof of 
mouth of freshly-killed fray. Gently tease up in drop of 'nor- 
mal salt solution. Note in clumps and isolated the broad 
ciliated cells with active cilia. (2) Treat as A, (3). (3) 
Slit open trachea of just-hilled rabbit. Gently scrape inferior 
and tease scrapings in normal salt solution. Note columnar 
ciliated cells (fig. 67). (4) Treat as in A, (3). I), Glandular. 
{\) Scrape the surface of liver of just-killed frog or rabbit. 
Tease m normal salt solution. Note the nucleated liver- 
cells with squarish or polygonal outlines (fig. 49). (2) 

Examine prepared section through cardiac end of sUanach. 
Note gastric glands (p. 43). (3) Examine prepjared sec- 

lion of pancreas. Note the tubules cut across in various 
directions and presenting circular, oval, Ac., outlines. 
Note the large nucleated cells with squarish outlines, -by 
Avhich tubules are lined. E, Sensory. (1) Examine pre- 
pared section of retina. Note rods and cones (fig. 95). 

• Good prepared slides at a reasonable price can be 
obtained from H. Meller, anatomist, 2 Churchill Street, 
Stockport Eoad, Manchester. 


CHAPTER NIL 

DIGESTION IN THE OX AND COW-SECRETION OF MILK. 

The main principles of digestion and the processes by 
wdiich it is succeeded are the same for an ox or cow as for 
a man, and these principles have already been explained 
at some length in the preceding part of the book. The 
food of an ox contains, as before, nitrogenous substances 
(proteids), and non - nitrogenous substances (carbo- 
hydrates, fats, salts, and water), which are subjected to 
mechanical and chemical action within the alimentary 
canal, and thereby reduced to a fit state for absorption 
into the blood-vessels and lacteals, — in other words are 
digested. The difference between man and the ox as 
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regards digestion lies in this, — the former lives most 
conveniently on a mixed diet, while the latter is entirely 
herbivorous, and as a result the arrangement and struc- 
ture of the digestive organs are by no means similar in 
the two cases. 

DIGESTIVE ORGANS OF THE OX. 

As in all animals which live exclusively on vegetable 
food the alimentaiy canal is extremely long, the intestine 
alone being some twenty times the length of the b(x]y. 

This results from the fact 
th^it vegetable food is very 
bulk}', and takes a long- 
time to digest, while at 
the same time a -\'ery 
large absorptive surface is 
required in order to en- 
sure the extraction of all 
the digested matter. The 
regions of the digestive 
tube are, — mouth, pha- 
rynx, gullet, stomach, 
small intestine, and large 
intestine. Salivary glands, liver, and pancreas are pre- 
sent, as in man. 

Mouth. — The mouth opening is situated at the end 
of a broad 1)are muzzle, and the upper lip is short. The 
cavity of the mouth is large, and much elongated from 
before backwards in accordance with the length of the 
jaws, which are comparatively" weak. As compared witli 
man the most striking differences are found in the tongue 
and teeth. The large tongue is pointed in shape, and 
its surface is rough owing to the presence of numerous 
backwardly directed sharp-pointed papillae. As to the 
teeth, upper incisors and canines are entirely absent, 
their place being taken by a hard elastic pad against 
which the lower incisors and canines^ bite. The back 

^ These canines are reckoned as the outermost incisors in most veterinary 
works. ^ 
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teeth possess flat-ridged crowns adapted for grinding. 
They are of the kind known as “ composite ”, i.e. the 
enamel layer is folded into the tooth as represented in 
fig. 101, forming projecting ridges, the valleys between 
which are filled up with cement. The ueiifal formula is 


0-0 

3~3 


0-0 


Well-developed submaxillary, sublingual, and parotid 


salivary glands 
open into the 
mouth-cavity. 

Pharynx and 
Gullet. — The 
mouth opens be- 
hind into a large 
pharynx, and this 
again is continued 
into a long gullet 
\yhich traverses the 
neck and thorax, 



pierces the dia- 
phragm, and is suc- 
ceeded by the sto- 
mach. 

The Stomach 

(fig. 102) is rela- 
tively of enormous 
size, being capal)le 
of holding some 55 
gallons of food, and, 
as in all animals 
which ruminate or 
“ chew the cud”, is 



Fig. 102.— Stuma. of ?-hfep. Exterior and Interior, 
gullet 


of very complex nature. It consists (see fig. 102) of four 
sub-divisions, as follows: — (1) the paunch (rumen), a 
large bag (pa.) with, a capacity equal to that of the entire 
stomach. Its mucous membrane is raised into numerous 


papillae, and it communicates by a large opening with 


(M 26 ) 


N 



194 


ELEMENTARY PHYSIOLOGY. 


(2) the honey-comb bag (reticulum), the smallest compart- 
ment (ret.), which receives its name from the fact that the 
mucous membrane which lines it is raised up into folds 
arranged like the cells of a honey-comb. A very small 
aperture connects the cavity of the reticulum with that 
of (3) the manyplies (psalter, omasum) so named 
because its mucous membrane presents very numerous 
flattened folds, something like the leaves of a book. (4) 
The rennet stomach (reed, abomasum) (r. sf.), lined by 
mucous membrane raised into folds which are transverse 
at the U])per end and longitudinal in the middle. 

The first three chambers may be regarded as the 
dilated lower end of the gullet, which they resemble in 
the fact that they are lined by stratified pavement 
epithelium. The superficial cells of this epithelium 
constitute a horny layer. The mucous mem])rane lining 
the last chamber resembles that of the human stomach, 
for it is covered by simple columnar epithelium, and 
numerous gastric glands are iml)edded in it. Such 
glands are entirely absent from paunch, honey-comb 
bag, and manyplies. 

Intestines. — The small intestine is a relatively 
narrow (| to | of an inch) much convoluted tube, a])OUt 
150 feet long, following the rennet stomach, which 
communicates with it by a pyloric opening. Its mucous 
membrane is raised into innumerable villi. As in man 
the small intestine communicates by a valvular opening 
with the much wider large intestine, which is from 30 
to 40 feet long, and is divided into caecum, colon, and 
rectum, the first of which is from 2 to 3 feet in length. 
As might be anticipated, the intestines are packed into 
the abdominal cavity in a way differing in many details 
from that already described for man. 

The liver is a large compact brown organ placed in 
the front part of the abdominal cavity and abutting 
upon the right half of the diaphragm. 

A gall-bladder is present. The bile-duct opens into 
the duodenum 2 feet or more beyond the pylorus. 

The pancreas is a broad flattened gland, situated in 
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the loop of the duodenum and pouring its secretion 
into the small intestine by means of a pancreatic duct, 
opening about inches beyond the bile-duct, and thus 
contrasting witli the arrangement found in man (p. 75). 

PROCESSES OF DIGESTION IN THE OX. 

Reception of Food. — The rough, highly mobile 
tongue plays a very important part in grazing, seizing 
the herbage and drawing it into the mouth, where it is 
divided by the incisors and canines of the lower jaw, 
which bite against the hard pad that takes the place of 
upper incisors. The tongue also assists in drinking, 
acting as a kind of piston by which water is pumped 
into the mouth. 

Digestion in the Mouth. — In all animals which, 
like the ox, “chew the cud'’ or ruminate, the food is 
chewed twice i.e. (1) when taken into the mouth from 
the exterior, and (2) when returned to the mouth as 
“cud’’ after having been macerated for some time in 
the paunch. The hrst chewing is very rapid, the grass, 
^ 0 ,., being swallowed after it has lieen subjected to two 
or three strokes of the grinding-teeth. The second 
chewing, on the contrary (“chewing the cud”), is pro- 
longed, and it has been estimated that during the 24 
hours an ox spends, on the average, 3 hours in actual 
feeding and 5 in rumination. During the latter 
operation a characteristic attitude is assumed, the 
animal lying a little to one side with legs bent up under 
it. Two things connected with digestion in the mouth 
are specially noteworthy, (a) the action of teeth, (b) the 
action of the saliva, (a) Action of the Teeth. — The way in 
which the incisors are used has already been noticed. 
The grinders act like millstones, serving to crush and 
break down the food, while during this operation the 
tongue and cheeks help to mix up the food, so as to 
ensure thorough masfication. An efficient millstone is 
not of the same hardness throughout, but wears away 
unecjnally, and is consequently kept rough. A similar 
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purpose is served by the presence of three distinct 
materials of different degrees of hardness in the grind- 
ing teeth of the ox, for these materials (enamel, dentine, 
cement, fig. 101) are ground down at different rates, and 
consequently the crowns of the teeth are kept irregular. 
During this process of chewing the jaws work from side 
to side, not in a perfectly symmetrical way, but in a 
one-sided manner, for a number of strokes are given, 
say, from left to right, after which the direction will be 
reversed, then follows a return to the first direction, 
then a reversal, and so on. The joints between the con- 
dyles of the lower jaw and the skull are comparatively 
loose in correspondence with the nature of these side-to- 
side movements. The condyles are convex from before 
backwards and slightly concave from side to side, and 
the surfaces against which they play are of corresi^onding 
shape. 

(?>) Action of the Saliva. — As in the case of man the 
secretion has both a mechanical and chemical action 
(p. 72), but it is here of greater physiological import- 
ance, for salivary digestion very largely takes place in 
the paunch and honey-comb bag as well as in the mouth. 
About a hundredweight of saliva is secreted during the 
24 hours, something like f of this enormous qiiaritity 
being poured into the mouth while feeding and rumina- 
tion are going on (8 hours). The reason for increased 
flow of saliva at these times is found in the fact that the 
secretion is stimulated by the presence of food in the 
mouth, and by the movements of the jaws. 

Digestion in the Stomach. — The food, when first 
swallowed, passes for the most part into the paunch, but 
also, to some extent, into the honey-comb bag, which also 
has the special function of storing liquid. It then 
undergoes a slow process of churning to and fro between 
these two chambers of the stomach, and meanwhile the 
saliva, with which it is soaked, exerts a softening and 
dissolving action. The next process is the one so 
characteristic of ox, sheep, goat, and related animals, — 
ie, rumination, or “ chewing the and'\ in which portions 
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of the softened and partly-digested food are returned to 
the mouth, and there masticated more thoroughly, while, 
at the same time, the saliva continues to act upon theyi. 
This return of the food to the mouth is brought about 
as a result of reflex nervous action (p. iSt) by contrac- 
tion of the paunch and reticulum, diaphragm, and 
muscular walls of the abdomen. It can only take 
place when the stomach is distended by food, and may 
be compared to vomiting. The contraction of the 
parts named forces a rounded “ ])olus ” of food into 
the lower end of the gullet, the muscular wall of 
Avhich contracts so as to carry the bolus back into the 
mouth. This upward passage may readil}" be noted 
in an animal engaged in rumination during the pauses 
when the chewing action ceases. After the ,^ccond 
prolonged chewing the food is once more swallowed, and 
th(^se parts of it which are finely divided pass along a 
muscular cesophageal groove running from the lower end 
of the gullet to the manyplies, which acts as a kind of 
strainer preventing any but small particles from entering 
the fourth chamber or abomasum. It is only then that 
true gastric digestion by means of the gastric juice takes 
place, in the way described earlier (p. 74). There is 
nothing in human digestion to parallel the processes 
taking place in the paunch, reticulum, and manyplies, 
which are, as it were, extra parts of the digestive ap- 
paratus. 

Digestion in the Intestines. — This resembles, in 
essential respects, the corresponding processes taking 
place in the human intestines (p. 75), the chief chemical 
agents being the bile and pancreatic juice. 

ABSORPTION OF DIGESTED FOOD. 

As a result of the mechanical and chemical agencies to 
which it is subjected an the mouth, gullet, stomach, and 
intestines, a considerable part of the food is either dis- 
solved, as in the case of proteids, sugar, and starch, or 
reduced to a fine,stat5 of division, as is the case with 
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'ats. The final upshot is the same as in man, i.e. the 
digested proteids, sugar, and starch are al.)sorbed into 
^l^e capillaries of the alimentary canal, while the digested 
!ats pass into the lacteals, and ultimately reach the blood 
system by way of the thoracic duct (see pp. 76-78). 


FOOD. 


In dealing with questions relating to the feeding of 
any particular farm animal, it must be remembered that 
a considerable part of the fodder is indigestible, and 
nasses out of the body in the dung. If, for example, 
neadow hay is taken as the standard food for horned 
stock, the chemical analysis, regarded by itself, would be 
very misleading. It is necessary to supplement it by 
other figures giving the proportions of the digestible con- 
stituents, as in the following statement ^ regarding 
neadow hay of average quality: — 


Chemical Composition. 


Digestible 

Constituents. 


Water. 

Ash. 

Albumi- 

noids. 

Woody 

fibre. 

Carbo- 

hydrates. 

Fats. 

Albumi- 

noids. 

Carbo- 

hydrates. 

Fats, 

H-3 1 

6-2 

1 97 

26*3 

41-4 

2*5 

5*4 

407 

10 


It is found convenient to express the relation between 
.he digestible constituents by what is known as the 
^‘albuminoid ratio ”, which is obtained as follows: — 

Carbohydrates + (Fats x 2J) 

Albuminoids 

Thus, for average meadow hay, the ratio is — 

^5 4^ ^ ^ more fully expressed 1 : 8, 

where 1 stands for the digestible albuminoids taken as 
unity and 8 for the digestible carbohydrates and fats 
mlculated with reference to this. For different animals, 

1 Taken from Wolff. 
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and for tlifterent aims the necessary albuminoid ratio 
differs, as appears from the following figures — 


Oxen taking no exercise, ... ... 1 : 12'0 

,, ,, moderate exercise, ... ... 1 : 7’5 

Fattening oxen, 1st period, !.. 1: 6*5 

„ „ 2iid „ 1 : 5*5 

„ „ 3rd „ 1 : 6*(l 

Milch Kine, 1 : 5*1 


A ratio is ivkle {e.rj. 1 : 12) when the proportion of 
albuminoids is small, narrow {e.g. 1 : 5*4) when it is large. 
Taking the last example for further consideration, it 
appears that the hay, of which the analysis is given above, 
does not contain a sufficient cpiantity of albuminoid 
matter to keep milch kine in a proper condition, and it 
would be necessary to supplement it with richer food, 
such as oil-cake. It has been shown by a large numbtn* 
of experiments that to maintain the ratio 1 : 5*4 in the 
feeding of milch kine, it is necessary to give the follow- 
ing daily amounts of albuminoids, &c., for every 1,000 
lbs. live weight ^ : — 


Total Organic 

Digestible Matter. | 

Substance. 

Albuminoids. 

Carbohydrates. 

Fats i Total. 

lbs. 

lbs. 

lbs. 

lbs. 1 lbs. 

24*0 

2*5 

12*5 

o 

o 

o 


As might be expected these proportions are those 
actually found in good meadow grass, which is, there- 
fore, a sufficient food in itself, but the same end may be 
gained by using various mixtures, which can be easily 
calculated when the kinds and quantities of the digestible 
components of the food-stuffs employed are known. 


1 Taken from WoUf. 
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MILK. 

Physical and Chemical Characters. — Milk is 
an opaque opalescent liquid which, Avhen seen in tliiii 
layers, is of a bluish colour . It has an alkaline reaction, is 
sweetish to the taste, and pos- 
sesses a characteristic odoiii*. 
When examined under the 
microscope (fig. 103) it is found 
to consist of innumerable fat- 
globules floating in a liquid 
plasma, and having an average 
diameter of of an inch. 

Milk is, in fact, a natural emul- 
sion (see p, 76), consisting as it 
does of finely-divided fat sus- 
pended in a liquid. A pint 
of milk contains more than 
500,000 millions of such fat- 
gloiniles. Placed in a row these 
Avould stretch about 8 miles. 

The average percentage che- 
mical composition of milk is as 
follows : — 

Water, .. ... ... ... ... 87*0 

Solids, consisting' of — 

1. Albuminoids (chiefly casein), 4'0 

2. Carbohydrates (milk-sugar), 4’6 

3. Fats, ‘ 37 

4. Inorganic Salts, ... 07 

13'0 

100^0 

The casein present in the milk plasma forms a denser 
layer round each fat-globule, constituting a sort of enve- 
lope. This can be broken down by ^shaking up the milk 
with caustic potash or acetic acid, and if after this ether ^ 

1 A very volatile liquid which possesses in a marked clegi-ee the power of 
dissolving fat or, oil. ^ 



FiK 10.)’.— Milk (0. an eolostrmn 
(11'. much rn.i'rfuihe<l. The dotted 
liod.ejiii 11 .Of colo.'.trum t‘<>ri»u.scle^ 
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is added it can get at the fat and readily dissolves it, 
whereas when shaken up with fresh milk not thus 
treated it has no effect. The experiment is considered to 
prove the presence of investments to the fat-globules, Init 
those coverings must not be thought of as firm skins. 
Owing to the relative lightness of the fat-globules they 
rise to the surface when milk is allowed to stand, and 
make up a large part of the cream. 

Rennet, which is prepared from the fourth division of 
the calf’s stomach, contains the ferment rennin, and when 
added to milk this ferment causes the separation of the 
curd, which mainly consists of casein. A similar j^rocess 
takes place in the human stomach as the first stage in 
the digestion of milk (p. 75). 

It will be seen, from the preceding chemical anabasis, 
that milk contains representatives of all the essential 
food-constituents, and these are in the proportion neces- 
sary to constitute a perfect food for the young calf, as 
indeed follows from the nature of the case. The al1)u- 
mimjid ratio (taking the whole as digestible) is easily 
calculated to be about 1: 3T, A sucking calf does not 
ruminate, in fact the first three chambers of its stomach 
are only slightly developed, and digestion is carried on 
much in the same way as in a human being (p. 74). 
Such a calf is obviously incapable of feeding on grass, 
hay, and the like. 

Structure of the Udder (fig. 104). — The cow’s 
udder consists of four milk or mammary glands, each 
provided with its own separate teat. The four glands 
are bound together by a firm sheath of connective tissue, 
which is continued into a firm vertical partition or sep- 
tum which separates the glands of opposite sides. The 
same kind of tissue divides less clearly the front gland 
on each side from the corresponding back gland, and 
enters into the glandular substance as a supporting 
framework traversed by blood-vessels, nerves, and lym- 
phatics. Each glani chiefly consists of a very large 
number of branched tubules (somewhat on the plan of 
6), the twigs of which terminate blindly in small 
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swellings placed to one side (some of these are seen at T, 
fig. 104), and lined by a single layer of glandular epi- 
thelium. By the successive union of these tubules larger 



One teat and part of adjacent gland are cut through. Ql, Glandular tissue; t, blimi 
endings of milk tubules; », openings of large milk ducts into milk cistern, Cst', r, 
folds in large milk ducts; Sph. sphincter muscle, cut through; 8k. skin of teat; 
Ex. opening of teat-cavity to the exterior. 

“milk- ducts” are constituted w^hich open into a good- 
sized “milk-cistern” situated at the base of the teat. 
This cavity narrows below to a small hole, whicljL is 
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usually kept closed by a sphincter or ring-muscle 
and below this again is another cavity opening to the 
exterior hy a narrow passage which runs to the end of 
the teat (AV.). ’ 

Secretion of Milk. — The milk-glands are not 
merely to be regarded as arrangements by which certain 
materials are strained out of the blood. The milk- 
tubules are very closely surrounded l)y a network of 
capillary blood-vessels, and constitute a filtering apparatus 
so far as the water contained in milk is concerned. But 
that a great deal more than simple filtration takes place 
follows from the fact that casein, milk-sugar, and butter- 
fat are not present in blood, Avhile there are considerable 
differences between the two liquids as regards the inor- 
ganic salts, milk containing, for example, far less sodium 
chloride than blood, but being much richer as regards 
potash compounds. In short, the protoplasm of the 
glandular cells which line the Idind ends of the milk- 
tubules lireaks down into the simpler chemical substances, 
'casein, milk-sugar, butter-fat, &c., which are therefore 
produced much in the same way as the pepsin of gastric 
juice or the ptyalin of saliva. But in this case there is 
not only a chemical breaking-down of protoplasm, but 
also a disintegration of the cells, which, so to speak, are 
constantly ‘^moulting”. For this reason milk has been 
termed “dissolved milk-gland”, using the expression 
somewhat metaphorically. An interesting proof of this 
is found in the nature of colostrum, the fluid which is 
secreted by the milk-glands just after the birth of the 
calf, and which differs a good deal from milk in composi- 
tion. If a drop of this is examined under the microscope 
(fig. 103, II) it will be found to contain not only milk 
globules but also larger bodies, colostrum corpuscles — 
some spherical, some irregular — which are obviously 
discarded cells. The constant breaking-down which 
takes place in a milk-gland is counterbalanced by a 
corresponding process of renewal and reconstruction, 
the materials for which are supplied by the blood. 

, Ihiring milkmg fhe sphincter muscle of the teat is 
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relaxed as the result of reflex action, so that the milk 
can flow out of the milk cistern. It has also been com- 
monly assumed that a large amount of milk is actually 
secreted during milking, as another result of reflex action. 
The main argument in favour of this view has been that 
the cavities of the glands are not large enough to contain 
the amount of milk actually yielded at one time. It 
must be remembered, however, that these organs are 
very elastic and capable of great distension, Ijesides which 
careful experiments recently made do not support the 
usual view. 

Factors Influencing the Amount and Quality 

of Milk. — In this connection (1) the breed is of very 
great importance, determining as it does the tendency of 
the glands to secrete a greater or less total quantity, and 
to produce milk more or less rich in butter-fat, tix*. (2) 
Diet. The essential point is that the food should be 
rich in alljuminoids, the most favourable ratio being 1: 5*4 
(p. 199). It is quite a mistake to suppose that an in- 
creased percentage of butter-fat in the milk results from 
giving more fat or oil with the food. Careful experi- 
ments made on the feeding of cows show that if anything 
the tendency is the other way. From what has already 
been said on the secretion of milk it follows that the 
fat of the food does not pass as such into the milk, a 
fact which enables the experiments quoted to lie more 
clearly understood. A reasonable amount of water taken 
with the solid food increases the secretion of milk, and a 
favourable influence is also exerted by common salt, of 
which from | to | of an ounce may with advantage be 
given daily to each cow. (3) The state of the general 
health naturally exerts an important influence upon the 
production of milk, for all the organs of the ])ody are 
more or less interdependent. It is therefore a matter of 
practical importance to secure the health of cows not 
only by feeding them properly but ajso by attending to 
ventilation, cleanliness, and other matters of the kind. 
Some interesting experiments made as to the effect 
exerted by proper care of the coat tnay be taken as an 
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illustration. The amount and quality of milk yielded 
by a number of cows were carefully determined for two 
periods of a fortnight each, no attention being paid to 
the coat during one period, while during the other it 
was carefully brushed and curry combed every day. In 
the latter case the yield of milk was considerably greater, 
and there was a distinct increase in the percentage of 
butter-fat. As might be antici})ated, the yield is dimin- 
ished by exercise, the amount of which should not, there- 
fore, be increased beyond that actually necessary for the 
maintenance of health. (4) The quantity and quality 
are not constant throughout the period of milk-yielding 
or lactation. The maximum quantity is secreted during 
several weeks after the birth of the calf, and then a 
gradual diminution takes place. At the same time the 
])ropo]*tion of albuminoids gradually increases while the 
proportion of sugar and l)Utter-fat diminishes. Pk)r 
English cattle the average perio<l of lactation is 250 
days, dutang which time about 265*2 quarts of milk are 
^iecreted.^ (5) Time of milking. The morning milk is 
poorer in solids than the evening milk, while that ol)- 
tained at noon is richer than either. In other words, the 
longer milk remains in the udder the poorer it is in 
quality, though at the same the quantity is greater. 
Experiment has also shoAvn that three milkings per day 
are more advantageous than two, the total yield l)cing 
greater and the percentage of butter-fat higher. 


1 Schniidt-Mulheiin. 
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184: inspired, 107, no, 184: passages, 
106, Ilf. residual, 107; sac, 104, 105, 
in, 112, 113: supplemental, X07; 

tidal, 106, 107, III. 

Albumin, 55. 

Albuminoid ratio, 198, 199, 201, 204 

Albuminoids, 1^8, 199, 200, 204, 205: 
and see Proteids. 

Alimentary canal, 15, 56, 63, 73, 77; 
of ox, 192; of rabbit, 172, 173, 174- 
176 

Alkali, 49, 117. 

Alkaline tastes, 149. 

Alveolus, 68. 

Ammonia, 115, 116, 179, 185. 

Ammonium carbonate, 115. 

Ampulla, 157. 

Amylolytic, 73. 

Amylopsin, 75. 

Analysis, 47, 108; of hay, 198; of milk, 
200; and see Composition. 

Anatomy, 8. 

Animal, 7, 53, 54; diet, 78; matter of 
bone, 19. 

Ankle, 10, 20, 41, 44 

Anvil, 154. 

Appendages, of auricles, 86, 181. 

Arachnoid membrane, 128. 

Ar^orVitse, 137, 178. 


Arch; of aorta, 93, 176, 177: of cranium, 
22; of foot, 39; of lower limb, 38; 
neural, 28, zygomatic, 24. 

Arm, 10. 41; arm-pit, 123 
Artery, 80, 87, 95, 96, 97, 98, 100, 112, 
124; aorta, 88, 90, 92. 93, 120, 173, 
176; dorsal aorta, 93, 173; carotid, 
93, 97, 174, 177; coronary, 93, 94, 183; 
iliac, 03, pulmonary, 88, 89, 90, 92, 
93, 112, 176, r8x, 182; of rabbit, 
172, T73, 174, 177; renal, 12a; of 
sheep, 181, 182, 183; subclavian, 93. 
Articulation, sec Joint. 

Ash. 55, 198 
Asphyxia, 113 
Allas, 28, 41. 

Atom, 48, 54 
/Ytomic theory, 48. 

Auricle, 86, 87, 88, 89, 90, 91, 92. 181, 
182, 183. 

Auricular septum, 86, 182 
Auriculo-ventricular opening, 86, 8® 
90, 182. 

Automatic actions, 140. 

Automatic nerve-centre, 141. 

Axis; vertebra, 29, 41; of brain, 135, 

13d, 178. 

Back, 9, 122; “broken”, 134; of foot, 
147; of hand, 147. 

Backbone, see Vertebral column. 

Baker, C., 170, X89. 

Bean, 55, 

Beat, 90. 

Beating, 92. 

Belly, see Abdomen; of a muscle, 42, 
72. 

Biconvex lens, 161, 162. 

Bicuspid teeth, 58. 

Bile, 75, 7t), 197; salts, 75. 

Biology, 7, 8. 

Bitter taste.s, 149. 

Black-lead, 48. 

Bladder, 76; gall, 69, —of rabbit, 173,— 
of ox, 194; urinary, 16, xi8. 

Bleeding, 83. 

Blind spot, 160, 166, 167, 187, 188, 
Blood, 15, 55, 65, 77, 80, 81, 83, 84, 86, 
89, 91, 92, 94, 95, 96, II 2, X20, 128, 
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183, T90; corpuscles, 8 t, igo; impure 
(venous), 87, 88, 112, 113, 141; pure 
(arterial', 87, 88, 112, 113: system, 
80, 81; vessels, 14, 15, 17, 18, 42. 5^^, 
59, 63, 69, 76, 77, 80, 84, 85, 92, 95, 
loiS 102, 141, 142, 159, 160, 170, 172, 
173, 174, 176, 201, 203. 

Blow-pipe, 170. * 

Body; composition of, 55: of vertebra 28 

Bone, 17, 47, 55; compact, 18, 19, 25, 
composition of, 18; earth, 55; physical 
properties of, 19, 25; spongy, 18, 19, 
25. 

Bones; astragalus (buckle', 39; atlas, 
28, 41; axis, 29, 41; calcaneum 'heel , 
39: carf)us , wrist I, 22, 35, 41; clavicle 
(collar^ 20, 30, 33; coccyx, 27: cranial, 
22, 24: ethmoid consisting of cribri- 
form plate, vertical plate, and lateral 
mass divided into upper and middle 
turbinated bones;, 24, 150, facial, 25; 
femur, 17, 20, 37; fibula, 20, 38; flat, 
20; frontal, 22; hip girdle, 36; humer- 
us, 20, 34, 41; hyoid, 26, 72; innomi- 
nate, 20, 36: irregular, 20; lachrymal, 
25: as levers, 41; limb, 33, 36; long, 
20; malar, 25; maxillary ' upper and 
lower), 25; metacarpus, 22, 36, 41; 
metatarsus, 22, 39; nasal, 25; occipi- 
tal, 23, 41; palate, 25; parietal, 22; 
patella, 20, 38; pelvis, 37, 44; pha- 
langes, 22, 36, 39; radius, 20, 34, 41; 
ribs; 20, 27, 30, 31, 92, 105, 184; 
sacrum, 27; scapula ;shoulder blade ', 
20, 33; shoulder girdle, 33; sphenoid, 
24; inferior spongy turbinated), 25, 
150; sternum breastbone), 20, 30, 31, 
105, 184; tarsus ankle-, 22, 39; tem- 
poral -divided into mastoid, petrous, 
and squamous parts', 23, 71, 72, 152, 
154' 155. tibia (shin), 20. 38: turbin- 
ated of rabbit/, 178; ulna, 20, 34, 35; 
vertebrae, 27, 28, 60; vomer, 25; zy- 
goma, 24; zygomatic arch, 24, 71, 72. 

Brain, 131, 133, 134, 135-142, 143, 146, 
150, 156; axis of, 135, 136; functions 
of, 1 39-142; mid, 136, 139, 14T, 166: 
outgrowths from, 137, 139; of rabbit, 
177, 178; 'twixt, 136, 137, 139, T41. 

Bread, 78, 79, 80, 

Breed of cows, 204. 

Brimstone, Sulphur. 

Bronchial tubes, 104, in. 

Bronchus (//. bronchi), 102, 103; of 
rabbit, 177. 

Bullock’s eye, 187. 

Burroughs, Wellcome, & Co., 179, 180, 
181. 

Butter-fat, 200, 201, 203, 204, 205, 

Caecum, 62, 65 ; of ox, 194 ; of rabbit, 
172. 

Calcium (Ca), 55. 


Calf, 1 81. 201, 205. 

Camera, 102, 163, 164. 

Canal; alimentary, 15, 56, 63, 73, 77, — of 
ox, 192,— of rabbit, 172, 173, 174-176; 
central canal of spinal cord, 129, 136: 
Haversian, 78; neural, 127, 131 ; 
s])iual, 28. 

Candle, 51, 53, 109, 165, 18S. 

Canine teeth, 56; of ox, 193, 195. 

Capillaries, 77, 80, 93, 94, 95, 97, 98, 
105, III, 112. 119. 120, 198, 203. 

Cap.siile of lens, 161, 187. 

Carbohydrates, 54, 55, 56, 79, 94, 124, 
iq8, 1 09, 200. 

Carbon, 48, 53, 54, 55, 78, 79, 108, 112, 

113, 115; dioxide, 48, 49, 51, 87, loi, 
T07, io§, 100, no, tii, 114, 184. 

Cardiac cycle revolution , yo, 91 

Cardiac end of stomach, 60, 191. 

Cardiac impulse, 92, 183. 

Care of coat, in cows, 204, 205. 

Carnivorous animals, 54. 

Cartilage, 17, 18, 40, 47, 95, 177; pro- 
perties of, 19. 

Cartilages; costal, 30; cricoid, 103: 
thyroid, 102: of trachea and bronchi, 
top 

Casein, 55, 75, 200, 2or, 203. 

('at, 8, 20, 140. 

Cauda equina, 130. 

(Caustic potash, 200. 

Cavity; abdominal, 117, 172, 194; boily 
or ventral, 32, 81 ; dorsal, ii, 127, 
128; glenoid, 24, 26, 33: mouth, sre 
Mouth; nasal, 25, 56, 60, 71, 74, 106, 

114, 145, X49, 151, 158: pelvic, 63; 

of pharynx, 60; pulp, 59; of cow’s 
teat, 202; thoracic, loi, 173; of trunk, 
Ti; tympanic, 153, i 54 » ^55) ^7^ 

Cell, 64, 67, 83: auditory, 155, 156, 157, 
central chief), 66; goblet, 65; liver, 
70, 191; nerve, 129, 142, 160: olfactory, 
150. 151; parietal, 66; sense, 144, 148, 
151* 155: taste, 148; visual rods and 
cones'i, 160, 166, 167, igi. 

Cement, 60; in teeth of ox, 193, 196. 

Central organs, 17, 127, 

Centrum, 28. 

Cerebellum, 137: of rabbit, 178, 179. 

Cerebral convolutions, 138. 

Cerebral hemispheres cerebrum), 137, 
138, 139, T41, 142; of rabbit, 177, 178. 

Chalk, 55, 108. 

Chamber: of eye, 159; posterior nasal, 
175. ^78. 

Charcoal, 48, 51, 53, 54. 

Cheeks, 57, 71, 147; of ox, 195. 

Cheese, 5.^. 55, 78. 

Chemistry, 48, 108, 169; organic, 53; 
physiological, 179-181. 

Chest, 10. 

(ihewin^. see Mastication. 

Child, 19, 143, 146. ' ^ 
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Chin, 72. 

Chlorine (Cl), 55. 

Chordae tendineae, 87, 182. 

Choroid, 159, 164, 165, 187. 

Chyle, 76, 78. 

Chyme, 74, 75. 

Cilium cilia), 105, 191. 

Circulation, 15, chap, v,, 183; course of 
the, 92; in frog's foot, 184; greater 
{or systemic), 93; lesser {or pulmon- 
ary), 93; proofs of the, 97. 

Circulatory organs, 15, chap, v., 126, 

Classes of levers, 43, 45. 

Cleanliness, 204. 

Clot, 83. 

Clothes, 124. 

Clotting, see Coagulation. 

Clouds, 108. 

r-a-ri-lat;-, of ’ b.-..-!. S3, 84, 183. 

(.; ■■f !.. -.'.-VC -(‘I , ; of eye, 159, 

187, 188; of intestine, 63; of stomach, 
65, 176. 

Cochlea, 157. 

Cold, 132; cold-blooded animals, 133; 
cold spots, t86. 

Colds, 152. 

Colon, 62, 63, 65; of ox, 194; of rabbit, 
172. 

Colostrum, 203. 

Coloured pencils, 170. 

Columnse carneae, 89, 182. 

Columns of spinal cord, 129. 

Combustion, 51, 53, 109, 125. 

Compasses, 186. 

Composite teeth, 193. 

Composition; of air, 108; of inspired 
and expired air, no; of body, 47; 
of food, 47, 78; of hay, 198; of milk, 
200; of sweat, 123; of urine. 115. 

Compound, 48. 

Concha, 10, 153, 155. 

Condyle; of lower jaw, 26, — in ox, 196; 
occipital, 23, 44, 72. 

Cones, see Cells, visual. 

Consciousness, 143. 

Contact, 131. 144, 145, 146, 147, 186. 

Contractility, 14, 41, 72, 73, 105. 

Contraction, 14; of muscles, see Con- 
tractility. 

Convulsions, 114, 134, 

Cornea, 159, 165, 187, 188. 

Cornu (//. cornua); anterior and pos- 
terior cornua, 129. 

Corpus callosum, 138. 

Corpuscles; blood, 81, 84; colostrum, 
203; red, 81, 82, 83, g8, loi; touch, 
145; white (or colourless), 8t, 83, 84, 
98, lOI. ' 

Correlation, 16, 127. 

Cortex; of cerebellum, 137: of cerebrum, 
138, 142, 144, 155, 167; of kidney, 118, 
119, 120, 185. » 

Coughing, 74, 1 14, 140. » 


Coughs, 152. 

Cover-slips, 188, 190. 

Cow, Digestion and Secretion of Milk 
in, chap. xii. 

Cranium (brain-case), 9, 20; bones of, 
22. ^ 

Cream, 201. , 

Cremation, 55, 

Crown of tooth, 59. 

Cricoid cartilage, 103. 

Crura cerebri, 136. 

Cud, 195, 196, 197; chewing the cud, 
see Rumination. 

Curd, 75, 181. 

Cutting teeth, see Incisor teeth. 

Death; general, 126, 127, 133, 140; 
local, 125. 

Decapitation, 133. 

Decomposition, chemical, 49, 124. 

Deglutition, see Swallowing. 

Dentine, 59; in teeth of ox, 193, 196. 

Dentition, 58. 

Dermis, 14, 121, 122, 123, 145. 

Diagrams, 171. 

Dialyzer, 76, 179, 180. 

Diamond, 48, 53. 

Diaphragm, 12, 60, 69, 84, 102, 105, 130, 
172, 173, 176, 184, 194; of microscope, 
188, 189, ^ 

Diastole, 91; auricular, 91; ventricular, 
91, 98. 

Diet, 78-80, 192; of cows, 204. 

Differentiation, 13. 

Diffusion, 76, 77, 80, in, 112, 179, 180, 
18 1 . ^ 

Digestible fodder constituents, 198. 

Digestion, 14; chap. iv. 179-181; in cow 
and ox, chap, xii.; in the intestine, 75; 
in the mouth, 71; nature of, 57; in the 
stomach, 74. 

Digestive organs, 15, chap, iii.; of cow 
and ox, chap, xii.; of rabbit, 174-176. 

Digit, xo, II, 36. 

DIploe, 25. 

Disc, intervertebral, 28. 

Dissecting dish, 170. 

Dissection, 8, 170, 171; of eye, 187, 188; 
of rabbit, 171-178; of sheep’s heart, 
181-183. 

Distal, 34. 

Distribution of heat, 126. 

Division of labour, 13, 127, 140. 

Dog, 8, 26, 140. 

Dorsal, 9. 

Drawing, 170, 171. 

Drinking, in ox, 195. 

Drum of ear, see Cavity, tympanic. 

Duct, 66; bile (of rabbit), 176, — (of ex'*, 
194, 195; common bile, 70; cystic, 
70; hepatic, 69, 71; lachrymal, 25; 
pancreatic, 70, 71, — ofox, 195, — of rab- 
bit, 176; parotid, 68; sublingual, 68, 
O 
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175: snbmaxillary, 68, 175; of sweat- 
gland, 122; tear, 158; thoracic, loi, 
198. 

Dung, 198. 

Duodenum, 61, 70, 71; of ox, 194, 195; 
of rabbit, 176. 

Dura mater, 128, 177. 

Dust, 151. 

Dyspnoea, 1:4. 

Ear, 10, 23, 24, 67; external, 153; in- 
ternal, 154-157; middle, 153, 154; of 
rabbit, 178. 

Education, 144. 

Eggs, 54, 55, 78; vvhite of egg, 179, 180. 

Elasticity; of arteries, 98; of lungs, 106. 

Elbow, 34, 40, 41, 45. 

Electric current, 131, 132. 

Elements, 48. 

Emulsion, 75, 76, 77, 181, 200. 

Enamel, 60; in teeth of ox, 193, 196. 

Endolymph, 154, 

End-organs, see Cells, sense. 

Energy, 14, 16, 114; kinetic (t^r actual), 
14, 125; potential stored), 14, 125. 

Eosin, 190. 

Epidermis, 14, 64, 95, 121, 122. 

Epiglottis, 60, 74: of rabbit, 175. ^ 

Epithelium, 64, 65, 77, 80, 95; ciliated, 
105, 191; columnar, 104, 190, 194; 
glandular, 66, 70, no, 120, 121, 191, 
194, 202: sensory, 145, 148, 151, 155, 
191: simple, 95, 105, 119; squamous, 
105, 190; stratified, 67, 121, 122, 148, 
151, 190, 194. 

Erect position, 127. 

Ether, 185, 200: of space, 162. 

Eustachian tube, 60, 154, 156; of rabbit, 
175 - 

Excentric reference of sensations, 146. 

Excretion, 16, 81; chap, vii., 184, 185. 

Excretory organs, 81, 121, 184, 185. 

Exercise, 124, 205. 

Expiration, 32, 105, 106, 107, no, 114. 

Extension, 41. 

Eye, 114, 157-168; eye of rabbit, 178; 
eye of sheep (or bullock), 187, 188; 
socket, see Orbit. 

Eyeball, 158-161. 

Eyebrow, 157. 

Eyelash, 157. 

Eyelid, 147, 157, 158; of rabbit, 178. 

Eyepiece of microscope, 188, 189. 

Face, 9, 22, 139. 

Faeces, 57, 126. 

Fainting, 127, 143. 

Fan^ of a tooth, 59. 

Fasciculus {//. fa-sciculi), 42. 

Fat, 47, 54, 55, 56, 73, 75, 76, 77, 78, 79, 
94, 100, 123, 124, 158, 182, 184, 187, 
198, 199, 200, 201, 203, 204, 205: emul- 


sification of, 181; globules of milk, 
200, 201, 203. 

Fatigue, 144. 

Feeding of stock, 198, 199. 

Fehling's solution, 179, 180. 

Fenestra; ovalis, 155; rotunda, 155, 156 

Ferment, 72, 73, 74, 75, 76, 84, 180, i8i. 

Fermentation, 72, 73, 74, 75, 76, 84. 

Ferrous sulphate, 113. 

Fibre; afferent nerve, 131, 141; efferent 
nerve, 131; motor nerve, 131, 132; 
muscle, 42; nerve, 129, 130, 131; sen- 
sory nerve, 152, 144, 145; woody, 198. 

Fibrin, 55, 83, 84, x8i, 183; ferment, 84. 

Fibrinogen, 84. 

Filum terminale, 128. 

Finger, ii, 36, 39, 121, 122, 145, 147. 

Fissures of spinal cord, 128. 

Flavours, 149, 152. 

Flesh, see Muscle. 

Flexion, 41. 

Flexure, sigmoid, 62. 

Flour, 55. 

Flow of blood, rate of, 97. 

Fluid; cerebro-spinal, 128; synovial, 40. 

Fodder, 198, 199. 

Fog, 108. 

Food, 15; chap, iii., 71, 72, 73, 74, 78, 
125; chemical classification of, 54, 78; 
composition of, 47; mineral, 54, 55, 
56, 73, 79; of stock, 198, 199; tube, 
see Canal, alimentary. 

Foot, lo, 44, 45, 121, 122, 145. 

Foot-pound, 92. 

Foot-ton, 126. 

Foramen (//. foramina); intervertebral, 
28, 130; magnum, 22, 23, 128; nutri- 
tive, 18. 

Forceps, 170; bone, 170. 

Forearm, 10, 41, 42, 45. • 

Formula: chemical, 49; dental, 58, — of 
ox, 193. 

Fragrant smells, 151. 

Fritsch, Dr., 170. 

Frog, 98, 133, 135, 137, X39, 140, 141, 
142, 183, 184, 185, 191. 

Front, 9, 

Fulcrum, 43. 

Functions, 7; general sketch of, 13. 

Gall, see Bile. 

Ganglion (//. ganglia), 131; spinal, 130: 
sympathetic, 127, 142, 174; vagus, 174. 

Gas, 76, 151. 

Gastric juice, 66, 74, 75, 181, 182, 197. 

Gelatin, 55. 

Gilbert Williams, H. W., 171. 

Ginger-beer, 48. 

Girdle, 20; hip, 20; shoulder, 20. 

Gland, 64, 65, 67, 68; ductless, 101; 
gastric (peptic), 66, 191; of Lieber- 
kuhii, 63, 65; lymphatic, loi; mesen- 
teric, loi; milk (mammary) gland of 
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cow, 201-204; parotid, 67, 174; sali- 
vary, 67, 68, — of ox, 193,— of rabbit, 
174; sebaceous, 121; sublingual, 68; 
submaxillary, 68, 174; sweat, 122, 
124 ; tear, 158 ; thymus, — of rabbit, 
173. 176 

Globin, 112. 

Glomerulus {//. glomenili), 119, 120. 

Glottis, 60, 74, 102, 105, 106, 114; of 
rabbit, 175. 

Glucose (grape-sugar), 179. 

Gluten, 55. 

Glycerine, 180, 181, 190. 

Glycerinum pepticum, i8a 

Goat, ig6. 

Graphite, 48, 53. 

Grass, igg, 201. 

Grazing, 74, 195. 

Grey matter, 131; of brain, 136, 137, 
138, 142, 155, 166, 178; of spinal cord, 
129, 134, 135. 

Grinding teeth, 71: of ox, 193, 195, 196. 
See also Premolar and Molar. 

Gristle, see Cartilage. 

Growth, 15, lO. 

Gullet (oesophagus^ 15, 60, 61, 63, 67, 
73; of ox, 193; of rabbit, 173, 175. 

Gum, 55. 

Gums, 57, 58. 

Gymnema sylvestre, 149. 

Hajmatin, 112. 

Hsemoglobin, 82, 112, 113; oxy-, 112, 
113; reduced, 112, 113, 114, 

Hair, 14 95, 121; auditory, 155, 156; 
sac, 121. ^ 

Hammer (malleus), 154. 

Hand, 10, 42, 121, 122, 131, 145, 147. 

Hartshorn, spirits of, 116. 

Haversian canals, 18. 

Hay, 198, 199, 201. 

Head, 9, 20, 130, 145; of femur, 37; of 
fibula, 38; of humerus, 34; of radius, 
34: of tibia, 38; of ulna, 35. 

Health of cows, 204, 

Hearing, 17, 139, 144, 152-T57, 187. 

Pleart, 80, 84, 85, 86, loi, 102, 105, 114, 
119, 127, 139, 140; external charac- 
ters of, 88; interior of, 88, 90; of rab- 
bit, 173, 176, 183; of sheep, 181-183; 
work, of, 92. 

Heat, 16, 108, 1 14; animal, chap, viii., 
131, 132. 

Heel, II, 39, 45. 

Herbivorous animals, 54. 

Hilus, 1 1 8, 1 19, 120, 184. 

Hip, 10, II, 38, 41. , 

Histology, 8j 188-191. 

Honeycomb bag (reticulum), 194, 196, 

t/97. 

Hot .spots, 186. 

Humours, aqueous and vitreouf, 161, 
163/167, 187. • 


Hydrogen, 48, 49, 52, 53, 54, 55, 112, 
115, 116. 

Ileum, 6t, 65. 

Illusions, 147. 

Image; formation of image in eye, 162. 
163, 188: mirro*, 9. 

Incisor teeth, 58, 68, 71; of ox, 193, 
195 - 

India-rubber, 180. 

Inhibition, 142. 

Injury to blood-vessels, 97, 112. 

Inorganic salts; of milk, 200, 203. 

Insensible perspiration, 123. 

Insertion of a muscle, 43. 

Inspiration, 31, 105, 106, 107, no, 114 

Intelligence, 140, 142. 

Intestinal juice, 75, 76. 

Intestine, 15, 56, 63, 67, 69, 77, 80, 94, 
100; large, 15, 61, 62, 64, 65, — of ox, 
194, 197, — of rabbit, 172, 176; smalC 
15, 6r, 63, 64, 65, 191. 

Iodine, 179. 

Iris, IS9, 160, 165, 187, 188. 

Iron (Fe), 55, 112. 

Iter, 136. 

Ivory, see Dentine. 

Jaw, 9, 22, 24, 68, 71, 72, 196. 

Jejunum, 61. 

Joints, 17, 19, 40, 41; ankle, 41, 44; 
ball-and-socket, 34, 38, 41 ; elbow, 34, 
40, 41, 45, 177; hinge, 26, 29, 35, 38, 
40; double hinge, 41; hip, 11, 38, 41; 
imperfect, 40; knee, 38, 41; lower 
jaw, 71, 72, 196; oil, 40; perfect, 40; 
pivot, 41; shoulder, ii, 34, 41, 177; 
synovial, 40. 

Kidney, 15, 16, 115, 117, 118, 119; of 
rabbit, 172, 173; of sheep, 184, 185. 

Knee, 38, 41; pa* (patella), 38. 

Labyrinth ; bony, 157; membranous, 

T "57- . . 

Lactation, in cow, 205. 

Lacteals, 75, 77, 78, 100, 101, 198. 

Larynx, 60, 102, 114, 139; of rabbit, 
174 - 

Lavender, 151. 

Leg, 10, 44, 45; movements of, 41. 

Legumin, 55. 

Leitz microscope, i8g. 

Lens, 162, 163, 164, 168; of eye, i6r, 
163, 164, 165, 167, 168; hand, 170; of 
microscope, 188, 189. 

Lentil, 5. 

Letter-clip, 186. 

Leucocyte, see Corpuscle, white. 

Lever, 20, 43, 44, 45, 72. 

Ligament, 17, 42, 47; check, 29; llga- 
mentum nuchae, 30, 47; round (.liga- 
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mentum teres), 38; suspensory liga- 
ments of eye, 161, 164; transverse, 29 
Light, 159, 162, 163, 165, 166, 167. 
Limbs, 10, II, 130. 

Lijne; carbonate of, 55, 108, 109: phos- 
phate of, 55, 58; slaked, 116; water, 
109, 110. ' 

Limestone, 108, 109. 

Lips, 57, 147; of ox, 192. 

Liquids, 76. 

Litmus, 49, 1x7. 

Liver, IS, 69, 70, 94, 95, 106, 139: of ox, 
194; of rabbit, 172. 

Lobe, 69; olfactory lobe of rabbit, 177; 

optic, 136, — of rabbit, 178. 

Lobule, 68, 70, 104. 

Long sight, 168. 

Lungs, 15, 16, 84, 87, 93, 101, 102, 105, 
106, no. III, 112, 139; of rabbit, 172, 
^ 173. 177, ^84. 

Lymph, 80, 81, 85, 102, 112, 128; sys- 
tem, 80, 81. 

Lymphatics, 81, 100, 123, 201. 

Malpighian body, 119, 185. 

Malpighian layer, 121. 

Malt, 72. 

Maltose, 72, 179. 

Manganese, black oxide of, 50. 
Manyplies (psalter, omasum), 194, 197. 
Marble, 108. 

Marrow, 18. 

Mastication (chewing), 26, 71; in ox, 
195, 196, 197. 

Meat, 54, 55, 78, 79, 80. 

Meatus, external auditory, 153, 155, 
156. 

Mechanics, 8, 43. 

Medulla; of kidney, 118, 119, 120, 185; 

oblongata, see Spinal bulb. 

Meller, H., 169, 191. 

ISlembrane; of brain and spinal cord, 
128, 177; elastic, 95: hyaloid, 161, 167, 

f 87; mucous, 56, 57, 63, 64, 65, 66, 
7, 74, 76, 148, 150, _ 180, 193, 194; 
synovial, 40; tympanic, 153, 154,155, 
156, 178. 

Mercury (Hg.), 50. 

Mesentery, 56, loi; of rabbit, 172. 
Metabolism, chap. viii. ; constructive 
and destructive, 125, 126, 

Microscope, 8, 98, 188, 189. 

Midriff, see Diaphragm. 

Milk, 75, 76, 78, 79, 181, 200-205; char- 
acters of, 200, 201; cistern, 202, 204; 
curdling ferment (rennin), 74, 18 1, 
201; ducts, 202; mammary) glands, 
201-204; secretion of, 203, 204, 205; 
sugar, 200, 203, 205; tubules, 201, 
202, 203; variations in quantity and 
quality of, 204, 205, 

Milking, 204, 205. 

Millstones, 195. 


Mineral; food, 54, 55, 56, 73, 79; matter 
of bone, 19. See also Ash and Inor- 
ganic salts. 

Mixed diet, 79. 

Mixed nerves, 132. 

Mixtures of food for stock, 199. 

Models, 170. 

Molar teeth, 58. 

Molecular vibrations, 131, 144, 150, 151, 
155, 167. 


Molecule, 49, 54. 
Morphology, 7, 8. 
Motor centres, 142. 


Moulting, of milk-cells, 203. 

Mouth, 12, 15, 22, 57, 68, 71, 72, 106, 
1 14, 139, 145; of ox, 192; of rabbit, 


175 - 

Movement, 14, 134; of eyeball, 167, 
168; of heart, 183: of limbs, ii; reflex, 
135, 141; of respiration, 105, 127, 140, 
184; voluntary, 142. 

Mucus, 65, 105. 

Muscle, 14, 42, 63, 96, 133, 185, 186: 
bundle (fasciculus), 42; fibre, 42; in- 
voluntary (white), 46, 63, 65, 67, 73, 
95; nerve preparation, 89, 90, 182, 
tonic state of, 46; voluntary (red), 46, 
58, 67. 

Muscles, 14, chap, ii., 84, 127, 130, 131, 
177; biceps, 41; calf muscle (gastro- 
cnemiu.s), 44, 133; ciliary, 164, \6St 
187; of diaphragm, 105, 172; digastric, 
72; expiratory, 33, 114; extensor, 45; 
eyeball, 139, 158, 167, 168, 175; of 
face, 139; flexor, 48; hollow, 84; in- 
spiratory, 32; intercostal, 32, 177; 
jaw, 71, 72, 139; masseter, 71, 72: 
oblique, 168; papillary, 89, 90, 182; of 
pharynx, 139; of rabbit, 171, 172, 174, 
177, 178; rectus, 167; ring, see Sphinc- 
ter; temporal, 71, 72; of tongue, 139; 
maintaining upright position, 46. 

Muscular sense, 169. 

Musk, 151. 

Muzzle of ox, 192. 

Myosin, 55. 


Nails, 10, 14, 95, 121. 

Nares; external (nostrils), 150; posterior, 
60, 74, 106, 149, 175. 

Narrow albuminoid ratio, 199. 

Neck, 10, 12, 20, 60, 102, 103, 130, 139, 
147; of rabbit, 171, 174; of tooth, 59. 

Needles, 170. 

Nerve, 185, 186; centre, 134, 135, 139, 
140, 141, 142, 143, 144, 155; impulse, 
132, J33» 134. 135, 144: muscle- 

nerve preparation, 89, 90, 182. 

Nerves, 17, 42, 59, 63, 69, 123, 127, 201; 
abducent, 139; afferent, 134, 140, 166; 
auditory, 139, 153, 155, 156, 168; 
cranial, 139, 140, 142; efferent, 134, 
166; facial,*' 139; glossopharj^geal. 
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139, 149; hypoglossal, 139; Ungiial, 
149; mixed, 132, 139; motor, 139, 185: 
oculo-motor, 139, 166; olfactory, 139, 
150; optic, 139, 160, 166, 167, 168, 
178, 187; pathetic, 139; phrenic, 130, 
173; secretory, 124; sensory, 139, 144, 
145, 149, 150, 153, 155; spinal, 130, 
132, 134, 142, 145, 178, 185: spinal 
accessory, 139: sciatic, 133, 186; sym- 
pathetic, 17, 142, 166, 174, trigeminal, 
139, 145, 149, 151: vagus, 139, 141, 
173, 174; vasomotor, 100, 124, 140. 

Nervous system, 17, 123, chap, ix.; 
central, 127: peripheral, 127; of rab- 
bit, 177, 178; sympathetic, 142, 174. 

Nitrogen, 48. 51, 52, 54, 55, 78, 79, 108, 
1 12, 1 15, 116. 

Nitrogenous food, 54. 

Ni:: ; 

\ ! d, 54. 

N .'.•i .1.: 1, 190, 191. 

Nose, 12, 22, 114, 139, 145, 147, 150; of 
rabbit, 178. 

Nucleus, 64, 83, 190. 


Oatmeal, 74, 79. 

Objectives, 188, 189. 

Odours, 1 51. 

Gisophagus, sec Gullet. 

Oil, 53, 55, 75, 181, 200; cake, 199. 

Old. people, 19. 

Omasum, see Manyplies, 

Omnivorous animals, 54. 

Onion, 187. 

Optic thalamus (//. thalami), 136. 
Orbit, 22, 24, 25, 157, 158, it)8. 

Organic matter, no, 113, 184. 

Organs, 7 ; general sketch of, 13. 
Origin of a muscle, 43. 

Ossicles, auditory, 154, 155, 178. 
Otolith, 153, 156. 

Ox, 8, 30; digestion in ox, chap, xii 
Oxidation, 5, 113, 125, 126. 

Oxygen, 16, 48, 49, 50, 52, 53, 54, 55, 
87, loi, 107, 108, no. III, 112, 114, 

Oxy-haemoglobin, 112, 113. 


Pain, 132, 144, 168. 

Palate, 24: hard, 25, 57, 175; soft, 57, 
74 , 150, 175- 

Palin of hand, 122, 145, 147, 

Pancreas, 70, 71, 94, igi; of ox, 194; of 
pig, 181; of rabbit, 176. 

Pancreatic juice, 75, 76, 181, 182, 197. 
Papilla (//. papillae); circumvallate, 
148, 175; of dermi*:, 123, 143; $liform, 
148, 175; foliate. 175; fungiform, 148, 
175; of paunch, 193; of tongue, 148, 
175; urinary, 119, 185 
Parchment, vegetable, 76. ^ 

Paunch (rumen) of ox, 103, 195, 196, 
107.* * 


Pax wax, 30. 

Peas, 55, 78. 

Pedal of piano, 45. 

Pelvis of kidney, 119, 185. 

Pendulum, 131. 

Pepsin, 74, 75, 76, 180, 181. 

Peptone, 75, 77, 18 1. 

Pericardium, 84, 85, 86, 102, rig, 128; 
pericardial fluid, 85, 176: of rabbit, 
173, 176; of sheep, 181; pericardial 
space, 85. 

Perichondrium, 19, 47. 

Perilymph, 154, 155, 156, 157. 

Periosteum, 17, 18, 47. 

Peristaltic action, 73, 74, 75. 

Peritoneum, 56, 63, 102, 117; of rabbit. 

Perspiration, 121, 123, 124, 157. 

Phar^mx, 15, 60, 67, 73, to6, 149, 150, 
153; of ox, 193; of rabbit, 175. 

Phosphorus, 48, 51, 53, 54, 55; pent- 
oxide, 51. 

Physics, 8. 

Physiology, 7, 8. 

Pia mater, 128, 177. 

Pig, Ti, 181. 

Pigment, 121, 159, 160, 163. 

Pillars of diaphragm, 105, 172. 

Pins, 170. 

Pithing of frog, 185. 

Plasma; blood, 81, 83, 84, 113; milk, 
200. 

Plants, 7, 53, 54. 

Pleura^ ( pi. pleurae), 102, 106, 128; of 
rabbit, 174. 

Plexus, 130. 

Pluck of sheep, 181. 

Poker, 44. 

Pumatum, 121. 

Fores of skin, 122. 

Porridge, 79. _ 

Potash; caustic, 200: chlorate of, 50. 

Potassium ferrocyanide, 180, i8i. 

Potatoes, 78. 

Power, 43; levers of power, 45. 

Practical work, 8, chap. xi. 

Prernolar teeth, 58. 

Preparation; of ammonia, 115; of car- 
bon dioxide, 109; of hydrogen, 52; of 
nitrogen, 51 ; of oxygen, 50. 

Pressure, 19, 22, 30, 33, 36, 38, 39, 121, 
145, 147; sense, 147. 

Process; acromial (acromion), 33; ar- 
ticular, 28; ciliary, 160, 164, 187; 
coronoid, 26, 71; odontoid, 29, _ 41; 
olecranon, 35 ; spinous (neural spine), 
28; transverse, 28. 

Pronation, 35, 41. 

Protection, 13, 121. 

Proteids, 54, 55, 56, 73, 77, 79, 82, 83, 
84, 1 15, 124, 179, 180, 181, 197, 198. 

Proteolytic, 75. 

Protcxolasm, 64, 83, to.q, 124, i»s» 203. 
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Proximal, 34. 

Psalter, see Manyplies. 

Ptyalin, 72, 73, 75, 180. 

Pulp of teeth, 59, 145. 

Pulfe, 100, 183: air pulses, 152. 
Pungent smells, 151. 

Pupil, 159, 165, 166, 1C7, 188. 

Putrid smells, 151. 

Pyloric end of stomach, 61, 66, 74. 
Pylorus, 67, 70; of ox, 194; of rabbit, 
176. _ 

Pyramids of kidney, 118, 185. 

Quicklime, 108, 109. 

Quinine, 187. 

Rabbit, 8, ii, 17, 106, 137, 140; dis- 
section of, 171-178. 

Radiation, 124. 

Rain, 108. 

Ramus (//. rami), 26, 72. 

Rapidity, levers of, 45. 

Rat, 183. 

Razor, 170. 

Reagents (chemical), 179, 189, 190. 
Reception of food in ox, 195. 

Rectum, 63; of ox, 194; of rabbit, 172. 
Reduced hajmoglobin, 112, 113, 114. 
Reduction, 112, 113. 

Reflection, 163. 

Reflex action, 134, 140, 142, 166, 185, 
197, 204; acquired, 143; nerve centre, 
141. ^ 

Refraction, 163. 

Regions: of body, 9; of limbs, 10. 
Renewal, 15. 

Rennet, 181, 201. 

Rennin, 74. 181, 201. 

Repair, 18. 

Respiration, 15, 51, chap, vi., 140, 184: 
movements of, 31, 105, 184: rate of, 
io6_. 

Respiratory centre, 140, 141. 
Respiratory organs, 15, 16; chap, vi., 
1 14. 

Reticulum, see Honeycomb bag. 
Retina, 160, 166, 167, 187, 191. 

Rice, 78. 

Ridges on fingers, 122. 

Rods, see Cells, visual. 

Root; of lung, 192; of spinal nerve, 130, 
132. 133. 144 ' 

Rugae, 65. 

Rumen, see Paunch. 

Rumination, 193, 195, 196, 197. 

Saccule, 157. 

Sal-ammoniac, 116. 

Saliva, 67, 71, 72, 73, 180; of ox, 195, 
196, 197. 

Salt, see Sodium chloride. 

Saltpetre, 149. 

Salts, mineral; of blood, 113; of milk. 


200; of sweat, 123: of urine, 115, 120. 
See also Ash and Food, mineral. 

Salt tastes, 149. 

Sausage skins, 179. 

Scalpel, 170. 

Schmidt-Mulheim, 205. 

Scissors, 170. 

Sclerotic, 159, 187, i88. 

Secretion, 65; of bile, 70, 75; of gastric 
juice, 66, 74; of intestinal juice, 6y, 
of milk, 203, 204, 205; of pancreatic 
juice, 75; of saliva, 67, 68, 69, 72, 196. 

Seeker, 170. 

Sensation, 16, 132, 134, 140, 142, 143, 
chap. X. 

Sense organs, 17, chap. x. ; of rabbit, 
178. 

Sensible perspiration, 123. 

Sensory centres, 142, 144. 

Serous coat, 63. 

Serum, 83, 84. 

Shaft, 18, 19, 34, 37. 

Sheath of muscle, 42, 47. 

Sheep, 8, ii, 158, 181, 184, 196. 

Shocks, breaking of, 19, 25, 27, 28, 33, 
36, 39, 40. 

Short sight, 168. 

Shoulder, 10, ii, 34, 41. 

Sight, 9, 17, T39, 144, 157-168, 187-188. 

Sigmoid fle.\ure, 62. 

Skeleton, 13, 21; chap, ii., 169. 

Skin, 14, 15, 16, 57, 64, 67; chap, viii., 
130, 131, 134, 139. 

Skull, 20, 22, 26, 28. 40, 44, 128. 

Sleep, 143. 

Slides, 188, 190. 

Smell, 9, 17, 139, 144, 150-152, 157-168, 
187. 

Smelling salts, 115, 151. 

Smells, 151. 

Sneezing, 114, 140, 

Sniffing, 151. 

Soda-water, 48. 

Sodium (Na), 55: carbonate, 181; chlor- 
ide (NaCl), 55, 115, 123, 186, 187, 190, 
204. 

Sole of foot, 12, 121, 145. 

Solution, 73, 75, 76, 77, 150, 179, 180, 
. 187, 197. 

Sound; of heart, 92; muscle, 92; waves, 

^ 153, 155. 

Sour tastes, 149. 

Spectacles, 168. 

Sphincter; of bladder, 118; pyloric, 66, 
74; of rectum, 65: of cow’s teat, 203. 

Spinal bulb (medulla oblongata), 135, 
137, i^i; of rabbit, 177. 

Spinal cord, ii, 12, 13, 17, 127, 129, 
130. i33» I34'. of rabbit, 177. 

Spinal marrow, see Spinal cord. 

Spine, see Vertebral column; neural, 
28, 29. 

Spittle, see Sailva, 
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Spleen, 71, 94, loi, 172. 

Spontaneous actions, 140. 

Spring, vibrations of, 153. 

Stability, levers of, 45. 

Stage of microscope, r88, i8g. 

Stand of microscope, 188, 189. 

Starch, 55, 72, 73, 75, 77, 179, 180, 197, 
^ ^98. 

Steam-engine, 47, 125. 

Steapsin, 76. 

Stethoscope, 92. 

Stimulation, 132, 133, 145, 149, 151, 155, 
161, 185, 186. 

Stimulus (//. stimuli), 132, 133, 134, 
135, 140, 142. 144, 145, 149, 151, 152, 
155, 161, 166, 185, 186, 187. 

Stirrup (stapes), 154, 155. 

Stomach, 15, 56, 60, 61, 62, 63, 65, 66, 
67, 69, 71, 73, 74, 75, 77, 80, 94, 139, 
194: of ox, 193, 194; of rabbit, 172, 
176, 180. 

Stroma, 82. 

Structure, 7. 

Stuffiness, no. 

Sub-arachnoid space, 128. 

Subdural space, 128. 

Submucous coat, 63. 

Suffocation, 113. 

Sugar, 55, 72, 73, 77, 149, 179, 180, 187, 
i97> 198: grape-, see Glucose; malt-, 

. see Maltose; milk-, 200, 203, 205. 

Sulphur (S), 48, 51, 53, 54, 55; dioxide, 
(SO2), 51 - 

Supination, 35. 

Support, 13 

Suture, 22. 

Swallowing, 73, 103, 140. 

Sweat, 121, 123, 124, 157. 

Sweetbread, see Pancreas. 

Sweet tastes, 149 

Symbols, chemical, 48. 

Symmetry, 8, 9. 

Sympathetic system, 17, 127, 142. 

Synthesis, 108. 

Syntonin, 55. 

Systole, 90, 91, 183. 

Taste, 17, 139, 144, 148, 150, 187; buds, 
149 - 

Tastes, 149. 

Tear, 25, 158; duct, 158; gland, 158; 
sac, 158. 

Teats of cow, 201, 202, 203. 

Teeth, 25, 55, 57, 58, 59, 71, 95, 130, 
145 175; of ox, 192, 195, 196; ofrab- 
bit, 175. 

Temperature; of blood, 123: of body, 15, 
121, 123; of expired air, *110; sense, 
147, 186. 

Temples, 23, 72. 

Tendon, 42, 47, 72, 177; of Achilles, 44; 
of diaphragm, 105. • 

'TTiicrh iri I/17 


Thirst, 144. 

Thorax, 10, 12, 15, 16, 20, 31, 33, 60, 
84, 91* 92, 93. 101, 102, 106; of rabbit, 

173. 174. 184. 

ihumb, II, 36, 41. 

Throat, 12, 15, 16: sore, 152. 

Thyroid cartil^e, 102. 

Tickling, 134. 

Tissue, 17, 47, 80, 126; connective, 17, 
19, 42, 47, 55, 59, 63, 69, 96, 104, 106, 
1 1 2, 123, 128, 170, 201; subcutaneous, 
122, 123. See n7so Ulood, Epithelium, 
Muscle, and Nerv'e. 

Toes, II, 22, 39, 44, 45, I2T, 122. 
Tongue, 26, 57, 68, 71, 73, 139, 145, 147, 
150, 175; of ox, 192; of rabbit, 175. 
Tonic condition of muscles, 46, 100. 
Tonsil, 60. 


Touch, 17, 121, 144, 145-148, 186. 
Trachea, 16, 74, 102, 103, 113, 114, 151; 

of rabbit, 174, 177, 184. 

Treacle, 76. 

Trunk, 10, ii, 20, 130; of spinal nerve, 
130 - 

Tubules; of milk gland, 201, 202; of 
sweat gland, 122; uriniferous, 119, 
120, 185. 


Udder of cow, 201, 204. 
Unconsciousness, 143. See Fainting. 
Upright position, 46. 

Urea, 114. 115, 120, 123, 185. 

Ureter, 16, 118, 119; of rabbit, 173; of 
sheep, 184. 

Urethra, 118. 

Urinary organs, 16, chap. vii. 

Urine, 115, 118, 119, 120, 123, 126, 185. 
Utricle, 157. 

Uvula, 57, 175. 


Valve; Eustachian, 88, 182; ileocaecal, 
65; mitral (bicuspid), 90, 91, 92, 182; 
semilunar, (watch-pocket), 90, 91, 92, 
96, II2, 114, 182; Thebesian, 88, 182; 
tricuspid, 89, 91, 92, 182; of veins, 96. 

Vapour, 151. 

Vegetable diet, 79. 

Vein, 80, 87, 88, 94, 95, 96, 97, 98, 100; 
inferior vena cava, 88, 93, 120, 173, 
182; superior vena cava, 88, 93, 176, 
182; coronary, 94; coronary sinus, 88, 
93, 94, 182; hepatic, 94; jugular, 97, 
176; portal, 94, 95, 173: pulmonary, 
88, 90, 93, 1 1 2, 176, 182; of rabbit, 
172, 173, 176: renal, 120; of sheep, 
i^, 183; subclavian, 176. 

Ventilation, 110, in, 204. 

Ventral, 9. 

Ventricles; of brain, 136, 138, 140, 178; 
of heart, 86, 87, 88, 89, 90, 92, 100, 
181, 182, 183. 

Vermiform appendix, 62; of ox, 194; of 
rabbit, rrr'f. 
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Vertebral column, 12, 20, 26, 31, 60, 117, 
128. 

Villus (//. villi), 63, 65, 77, 176, 191. 

Vibrations; of air, 152; molecular, 131; 
144, 150, 151, 155, 167; of sounding 
bodfes, 152, 153. 

Vitriol, oil of, see Acid, swlphuric. 

Voluntary actions, 140, 143. 

Warmth, 144. 

Waste products, 14, 15, 16, 83, 94, 113, 
1 14, chap, vii., 125. 

Watchmaker’s eye-glass, 170. 

Water, 48, 49, 52, 53, 54, 55, 56, 72, 75, 
76, 79, loi, 109, III, 114, 115, 120, 
123, 124, 198, 200, 203, 204; vapour, 
no, 184. 

Web of frog’s foot, 184. 

Weight, 43. 

Wheat-flour, 78. 

Whipped blood, 84. 


White; of egg, 55, 179, 180; of the eye, 
159; matter of brain, 136, 138, 178; 
of spinal cord, 129. 

Wide albuminoid ratio, 199. 

Will, 17, 73, 134, 140, 142. 

Windpipe, see Trachea. 

Wisdom teeth, 59. 

Wolff, 198, 199. 

Woody fibre, 198. 

Work, 92, 125, 126. 

Wrist, 10, 20. 

Wrong way, going the, 74. 

Xanthoproteic reaction, 179, 180. 

Yellow spot, 160, 166, 187. 

Zinc, 52. 

Zoology, 7, 8. 

Zymine peptonizing powder, i8l 
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EXTEACT FEOM THE DIEECTOEY OF THE 
SCIENCE AN1> AET HEPAETMENT. 


SYLLABUS OF EEQUIEEMENTS IN HUMAN 
PHYSIOLOGY. 

FIRST STAGE OR ELEMENTARY COURSE. 

Questions will be confined to the under-mentioned points in the 
elements of anatomy and physiology. 

Candidates are ex2)ecte(l to have seen the corpuscles of the blood 
under a microscope, magnifying about three or four hundred 
diameters. It is also desirable that they should have made them- 
selves accjuainted in like manner with the general microscopic 
characters of the cells constituting epithelium. Other details of 
structure needing the use of a microscope will not be asked for. 

The information demanded under “Chemical Preliminaries” is 
limited on the one hand to elementary and fundamental chemical 
jDrinciples as applied to the animal body, and on the other to the 
important properties of the chief chemical substances composing 
the body and food. In respect to these points the answers must be 
precise, but no further chemical knowledge will be required. 

No candidate will be allowed to pass who in the answers makes 
gross errors concerning the general build of the body and the rela- 
tions of its several parts, the structure and working of the heart 
and the main facts of the circulation, the mechanical and chemical 
changes of respiration, the chemical nature of food, its changes in 
the alimentary canal, and its use in the body. 

A. Anatomical Preliminaries. 

The general build of the body. 

The form, the position, and the uses of the following parts of the 
skeleton: — skull, vertebrse, riba, sternum; scapula, clavicle, humerus, 
radius, ulna, carpus, metacarpus, phalanges (of the hand) ; pelvis, 
femur, tibia, fibula, tarsus, metatarsus, phalanges (of the foot). 

The more obvious distinctive characters of skin, mucous mem- 
brane, glands, connective tissue, tendon, ligament, cartilage, bone, 
muscle, and nerve. * 
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The position in the body, and the general form and size, of the 
following internal organs: — The brain and spinal cord; the pharynx, 
gullet, stomach, and intestines; the salivary glands, the liver, and 
the pancreas ; the posterior nares, the larynx, trachea, and lungs ; 
the diaphragm ; the kidneys and the bladder ; the heart and the 
great vessels ; the sjfleen. 

B. Chemical Preliminaries. 

The simpler chemical properties of carbon, oxygen, hydrogen, and 
nitrogen; the meaning of the terms “element”, “compound”, 
“decomposition”, “oxidation”, as illustrating elementary chemical 
principles. 

Tlie composition, nature, and properties of air, water, carbon 
dioxide (carbonic acid), and ammonia 

The chemical elements of which proteids, fats, and carbohydrates 
are composed ; the general chemical properties of these substances, 
and the relative proportions in which the several elements are pre- 
sent in each of them. 

The composition and general nature of urea. 

C. General View of the Animal Body in Action. 

The movements of the body as the result of muscular action. ; 

Muscular action viewed as chemical change (oxidation) of the 
muscle, whereby energy is set free, and waste of substance caused. 

The blood as the agent which (a) removes the waste, and (6) 
supplies fresh nutritive material to make good the waste. 

The waste matter in the blood got rid of by the excretory organs. 
The fresh nutritive material in the blood supplied to it from food 
by means of the digestive organs. 

The control of the muscles by the nervous system, consisting of 
(fi) sensory or afferent nerves, (5) the brain and spinal cord, (c) 
motor or efferent nerves. 

The general functions of the brain and spinal cord. 

The maintenance of the erect posture. 

Local and general death. 

D. Special Physiology. 

а. The Blood. — T he form, size, and structure of the corpuscles 
of the blood. 

The general composition of the blood. 

The phenomena presented by blood drawp from the body ; clot- 
ting of blood. 

б. The Circulatory System. — The general structure of the 
heart; the form and arrangement of its Chambers; the nature of 



APPENDIX. 


219 


its walls ; the form and position of its valves. The differences 
between the right and left side of the heart. 

The action of the heart as a force-pump. 

The mode and action of the valves during the heart-beat. 

The general difference between arteries, capillaries, and veins. 

The course of the circulation and the reasdb why the blood moves 
in only one direction. 

The characters of and differences in the blood-flow in arteries, 
capillaries, and veins. 

The meaning of the “pulse”. 

The evidence of the circulation obtainable in the living body. 

c. The ALiirENTARY System. — The general form and arrange- 
ment of the alimentary canal in its several parts. 

The more obvious characters of the mucous coat, and the differ- 
ences in respect to it between the stomach and the small and large 
intestine. 

The relationship of the salivary and gastric glands, and of the 
pancreas and liver, to the alimentary canal. The character and 
uses of their secretions. 

The general nature of food. The classification of food -stuffs. 
The changes the several food -stuffs respectively undergo in the 
alimentary canal, and how these are brought about. 

The manner in which nutritive matters are absorbed and innutri- 
tions matters got rid of from the alimentary canal. 

The economy of a mixed diet. 

d. The Liver. — Position and general structure of the liver. The 
blood supply to the liver. 

The obvious characters and properties of bile. 

€. The Respiratory System. — The arrangement of the ribs, 
sternum, intercostal muscles, and diaphragm. The manner in which 
the walls and floor of the chest change their position during the 
respiratory movements. 

Why air enters and leaves the chest during inspiration and 
expiration respectively. 

The course taken by the air when breathing through the nose. 

In what respects the air which leaves the lungs differs from that 
which enters them. 

The obvious differences between venous and arterial blood. 
Where and how venous blood is converted into arterial, and arterial 
into venous blood in the body. How venous blood can be converted 
into arterial blood out of the body. 

The conditions which give rise to a^iphyxia. 

/. The Urinary System. — The structure of the kidney so far as 
it is visible to the naked eye. 

The composition of urine as far as its chief constituents are 
.concerned ; the signifiTcance of these as waste products. 
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r/. The Skin. — The obvious differences between the dermis and 
epidermis. 

The general composition of sweat. 

The more obvious functions of the skin. 

f. 

li . Animal Heat.— « The sources of the heat of the body. The 
manner in which heat is distributed through the body, and in which 
the temperature of the body is regulated. 

The Muscular System and Animal Mechanics. — The 
structure of muscle, of tendon, and of bone, so far as it can be 
made out by the naked eye or a simple lens. The mode of attach- 
ment of muscles to bones. 

The nature of joints, with examples of ball-and-socket, hinge, 
and pivot joints. 

The different kinds of levers, with examples of them in the body. 

The way in which muscles lead to the movements of the body. 

Ic . The Senses. — The different kinds of sensations. 

The means of measuring the acuteness of the sense of touch in 
various parts of tlie body. 

The general structure of the organs of smell and taste, and the 
manner in which their functions are performed. 

The general structural arrangements of the eye -ball. Such char- 
acters of the cornea, sclerotic, choroid, iris, aqueous and vitreous 
humours, crystalline lens and retina as can be observed by ordinary 
dissection. The uses of the cornea, iris, and crystalline lens. 

How the pupil is enlarged and made narrower, and for what 
purposes. 

The change undergone by the lens when looking from a distant 
to a near object ; the object of this change. 

The blind spot, and what it teaches. 

The essential facts as to the structural arrangements of the ear 
so far as they are required to explain how sound-waves are conveyed 
to the nerves of hearing. 

Z. The Nervous System. — The chief parts into which the brain 
may be divided. 

The structure of the spinal cord so far as it is visible to the 
naked eye. The arrangement and the functions of the roots of 
the spinal nerves. 

The general way in which the spinal cord is connected to the 
brain by means of the spinal bulb or medulla oblongata. 

The evidence that the spinal cord is capable of effecting reflex 
action. 

The general phenomena presented by an animal deprived of its 
brain, as illustrating some of the more important functions of the 
brain. 
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EXAMINATION PAPERS IN HUMAN 
PHYSIOLOGY. 


General Instructions. 

Put the number of the question before your answer. 

The value attached to each question is shown in brackets after 
the question, but a full and correct answer to an easy question will 
in all cases secure a larger number of marks than an incomplete or 
inexact answer to a more difficult one. 

Your name is not given to the Examiners, and you are forbidden 
to write to them about your answers. 

You are to confine your answers strictly to the questions proposed. 

21ic examination in this subject lasts for three hours. 

MAY, 1894. 

First Stage or Elementary Examination. 

Instructions. 

You are permitted to attempt only eight questions. 

1. Where and how is the diaphragm placed in the body? What 

organs lie immediately above and what immediately below it ? 
What structures pass through it? How does the diaphragm work 
in breathing, and what makes it work? (15.) 

2. How would you place a heart in front of yourself so as to see 
the left auricle most easily ? What does the left auricle look like as 
seen from the outside, and what does its inside look like when laid 
open ? What blood-vessels enter the left auricle, and how is it con- 
nected with the left ventricle? 

3. What is the general shape and appearance of the stomach? 

What is its general structure? In what way does the internal 
lining of the stomach differ from that of the small intestine ? What 
changes does proteid food undergo in the stomach ? (15.) 

4. How can you tell the difference between a large artery and a 

vein of the same size as seen by dissection in a dead body? What 
further differences are there between an artery and a vein besides 
those you can make out by mere dissection? What are the special 
uses of these differences? (15.) 

5. What are lacteals, and where do they occur ? What is in them 
when an animal is fasting, and what is in them after a meal of mixed 
food? How are their contents finally passed into the blood? (10.) 

6. How can you show that there is a “blind spot” in each of 

your own eyes ? What does the blind spot teach us as to the nature 
pf sight? (10.) 
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7. What movements can you make with your hand at the wrist 

joint ? How do the movements you can make with your foot at the 
ankle joint differ from those you can make with your hand at the 
wrist ? What are the differences in the joints which cause the differ- 
ence in*the movements ? (10.) 

8. What do you understand by a “reflex action”? What struc- 

tures are essential for the occurrence of a reflex action ? Give two 
or three examples of reflex action as it may be observed in your own 
body? What is the use of reflex actions? (10*) 

9. Of what two parts is the skin composed? What are the more 

obvious and important differences between these two parts ? What 
are the chief uses of the skin to the body? (10.) 

10. What are the various cau.ses or conditions which make a per- 

son breathe faster than usual? What is the exact cause and what 
is the real use in each case of the faster breathing? (10.) 

11. What is the spinal Imlb or medulla oblongata, and where is 

it placed in the body ? What is its form and general appearance ? 
What are its more important uses? (10.) 

12. What part of the nose is used for smelling? What nerve is 

used for smelling? With what part of the brain is this nerve con- 
nected, and how does it pass from the brain to the nose? Why 
cannot you either smell or taste properly when you have a bad cold 
in your head? (10.) 


MAY, 1895. 

{Instructions as m ISO4.) 

1. What structures form the walls of the thorax or chest? What 

organs lie inside the thorax? What movements do the walls make 
during inspiration, and what movements do they make during 
expiration? How are these movements produced? (15.) 

2. What differences of structure are there between the right and 

left ventricle of a heart? To what differences in action do these 
differences correspond? What is the form and structure of the 
valve between the left auricle and left ventricle, and how does this 
valve work so as to carry on the circulation of the blood ? (15.) 

3. Where and how is the spinal cord placed in the body ? How 

does it end above and how does it end below ? What structures are 
given off at repeated intervals from the spinal cord, and what are 
the uses of these structures? (15.) 

4. What are the essential differences between fats and carbo- 

hydrates ? Where and how are fats digested, where and how are 
carbohydrates digested in the body? (15.) 

5. Describe the position and general structure of the liver. What 

is there peculiar about the blood-supply to the liver ? What is the 
most obvious use of the liver, and wha.t are the arrangements by 
which that use is carried out? 10.) 
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6. What changes can be srev to take place in blood after it is 
drawn off from the body and kept for some time ? What has taken 
place in the blood to cause these changes which you can see ? (10.) 

7. Describe how the skull is attached to th<4 spinal column or 
backbone, and explain how this attachment enables you to (f) nod 
your head up and down ; (ii) turn your head frt)m side to side. 

(10.) 

8. What is the structure of a muscle and its tendon so far as 
these can be made out by careful dissection, without having recourse 
to a microscope ? How are the muscles usually placed and attached 
to the bones so as to lead to the movements of the body? (10.) 

9. Of what substances is sweat chiefly composed ? By what organs 

other than the skin are some of the constituents of sweat also got 
rid of from the body ? How does it come about that perspiration is 
usually “ insensible ”, and what has happened when it becomes 
“sensilde”? (10.) 

10. If you cut through a large clot of blood or piece of lean meat, 

the inside is of a much darker colour than the outside. Explain 
why there is this difference of colour. What important facts do you 
learn from the above observation? (10.) 

11. What is the pupil of the eye? When and by what means 

does it become smaller, and when does it become larger? What are 
the uses of the pupil becoming smaller and larger? (10.) 

12. If you keep your leg or arm too long in a bent position it 

bften “goes to sleep”. What has happened in your leg or arm when 
it has thus “gone to sleep” and why is it nearly useless to you 
while in this condition ? (10.) 
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stuffs, Soils, and Manures. By 

A. Abbott, M.A., and Arthur 
Key, M.A. With Introduction 
by T. G. Rooper, H.M.I.S. 
Crown Svo, cloth, 3J. 6d, 

An Elementary Text-Book of 
Atiatonay. 

By Henry Edward C^rk. Illus- 
trated. Crown Svo, cloth, 55. 
Pood and its Functions. 

A Text -Book for Students* of 
Cookery, By James Knight, MjA., 

B, Sc. Illustrated. Oowa 

t . u „ r j L i 



Hciettce for 

Junior Chemistry and Physics. 
An Introduction to Elementary 
Science. By W. JeromJ Ham- 
son, F.G.S. With num^us il- 
lustrations and diagrams. iCrown 
8vo, cloth, is. (id. 

Chemistry for Beginners. 

By W. Jerome Harrison, F.G.S. 
Cloth, ij. Also in three Parts, 
paper, 4^f.j cloth, ^d. each. 
Chemistry Demonstration 
Sheets. 

Eight sheets. 3^. 6 d. each. 

Mechanics for Beginners. 

By David Clark. 220 pp., cloth, 
is. (id. Also in three Parts. 
Part I, paper, 4^/. ; cloth, ^d. 
Parts II and III, paper, %d.\ 
cloth, (id. each. 

Animal Physiology for Be- 
ginners. 

By Vincent T. Murch^. 160 pp., 
cloth, ir. (id. Part I, paper, 
dfd.\ cloth, 5^. Parts II and 
JII, paper, Sd. ; cloth, 6 d. each. 


ttSiimMrs 

Agricultureffor, BeginneHl, 

By Professor R. P. Wright, 
pp., cloth, In three Parts^ 
paper, 3^.; clo^h, 4d. each. 

Botany for Beginners. 

By Vincent T. Murch^f 144 pp,, 
cloth, IS Also in three Parts, 
paper, ^d.; cloth, each. 

Magnetism and Electricity -for 
Beginners. 

By W. G. Baker, M.A. is. In 
three Parts, paper, ; cloth, 
4^/. each. 

The Newton Readers. 

Anew series of Nature- Knowledge 
and Elementary Science Readerr 
With coloured illustrations. Li 
on Application. 

Blackie’s Object-Lesson and 
Science Readers. 

Fully illustrated. List on Applied^ 
tton. 


Book-keeping 


Practical Book - Keeping for 
Commercial Classes. 

With Exercises, Examination Papers, 
and Answers. By Walter Grier- 
son. IS, (id. Key^ 3^. (id. net. 


A Practical Treatise on Book- 
Keeping by Double Entry. 
By David Tolmie. 64 pp. (id. 

Key., IS. 


Cookery, Domestic Economy, &c. 


A Handbook of Cookery for 
School and Home. (id. 

Cookery for School Girls. 

Ten Elementary Lessons. By 
Mary R. Macdonald. Paper, 3a?. ; 
cloth, 4<f. 

Cookery and Laundry-Work. 
With simple lectures on Hygiene 
and Ho«H|wifery. By L. C. 
Andrews, w’cap 8vo, cloth, %d, 

?ood and its Functions. 

A text-book for students of 
Cookety, By James Knight, 
Mi A., B*SOi IHtmtrated. Crown 
Mn 6ti, 


Domestic Economy. 

By E. Rice. Cloth, 6 d. In 
three Parts, p^per, $d . ; cloth, 4d. 
each. 

The Teacher’s Manual of Les- 
sons on Domestic Economy. 

By H. Major, B.A, B.Sc. jjjrown 
8yo* cloth, 4f. 6 d. 

Blackie’s Dotuestic Economy 
Readers. 

The lessons provide a^omplete 
course of pmctical instruction in 
afkthe branches of houseikeepang* 
In B numbers. Fully tUi|str»tedl 



Ouidks th^ Science Examinations 

AJTeri^ Aids Students preparing 'or the Examination*- of the 
''Science ahd Art Department with Hints h|'w to work the Paptis, and 
Answers to Questions. 6 ci. to <^d. List on explication. 


Perspective^ Sciagraphy 


Elementary Perspective. 

By Lewes R. Ciosskey. Super- 
royal 8vo, cloth, 3J-. 6 d. 
advanced Perspective. 

By Lewes R. Crosskey and James 
Thaw. Imperial 8vo, cloth, 4^-. 6 d. 


A Text-Book of Sciography. 
Arranged to suit the lequiiements 
of those prei^aiing foi the examina- 
tions of the Board of Education, 
South Kensington. By J. H. A. 
M Tntyre. 3jr. 6 d. 


Drawings Painting, Writing, &c. 


Vere Foster’s Drawing Copy- 
Books. 

In 72 numbers, “price 2d. each. 
Complete Edition^ in Eighteen 
Parts at ^d. (Each part complete. ) 

Vere Foster’s Complete Course 
of Drawing. 

In Eighteen Parts, price t^d. each. 

Vere Foster’s Water- Coloi r 
Drawing- Books. 

With coloured facsimiles of original 
water-colour drawings, hints and 
directions. List on appheatton. 

Poynter’s South Kensington 
Drawing- Books. 

Issued under the direct superinten- 
dence of Sir E. J. Poynter, P.R.A. 

A Selection from Turner’s Liber 
Studiorum. 

In Four Parts, I2^. 6^. each; com- 
plete, £2^ 12^. (id. 

Brush-Drawing. 

By J. W. Nicol. Containing 66 
Plates, carefully graduated M odels, 
Suggestions for working the Ex- 
amples, and Notes on Brush- 
Drawing and Design, ^s. (id. net. 

Blackie*8 Brush - Drawing 
S^.^ets. 

By J. W, Nicol. 3 Sets of 1 5 Sheets 
each. I2r. (>d, per set. 


Blackie’s Brush - Drawing 
Cards. 

By J. W. Nicol. 3 Sets of 20 Cards 
each. is. (id. per set. 

Graded Drawing for Infants and 
Junior Classes. 

By Anne E. Robeits. With Draw- 
ing Subjects and Hints for Pro- 
cedure. Printed in black and 
coloui. F’cap 4to, cloth, zs. 6 d. 
Classic Ornament. 

Foity-eight Photogiaphic Repro- 
ductions of South Kensington 
Casts. In Foul Books. Crown 
4to. Price 1^. 6 d, each, 

Vere Foster’s Writing Copy- 
Books. 

Original Series, in 22 Nos , 2cl each 
Palmerston Series, in ri Nos , on fine 
paper luled in blue and red, ^d. each 
Bold Writing, or Civil Service 
Senes, in 27 Nos , price 2d each 

Upright Senes, m 12 Nos , 2d. each. 
Medium Series, m 12 Nos , and 
Nine Supplementary Books. 2d each 
Reversible Series, being the Mediui 
Series with the minting page always o 
the right-hand side 2d. each. 

Blackie’s Civil Service and 
Commercial Copy-Book. 

. Logan. Copies, Skeleton Lines, 
omnjercial Fonr'^, Tabular 
Statements, and J, .ottering, (id. 
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